REMARKS 

Claims 1-5, 7, 9, 1 1-20, 24, 26, 28-33, 37, 39, and 41-66 are pending. Due to a 
restriction requirement, claims 46-61 are withdrawn from consideration. Claims 12, 28, 
and 41 are objected to under 37 C.F.R. § 1.75(c) as being of improper dependent form. 
Claims 1-5, 7, 9, 1 1-20, 24, 26, 28-33, 37, 39, 41-45, and 62-66 are rejected under 35 
U.S.C. § 1 12, first paragraph, for lack of a written description in the specification. 
Claims 1, 3, 5, 7, 9, 20, 24, 26, 28, 30-33, 37, 39, 41, 43-45, and 62-64 are rejected under 
35 U.S.C. § 112, first paragraph, for lack of enablement. Claims 1-4 and 16-19 stand 
rejected under 35 U.S.C. § 103(a) as being obvious over Nagai et al. (U.S. Application 
Serial No. 09/728,207, now allowed), in view of Yu et al. (Genes Cells 2:457-466, 1997) 
and Hirsch et al. (J. Virol. 70:3741-3752, 1996). Clauns 1-5, 7, 9, 16-20, 24, 26, 28-33, 
37, 39, 41-45, and 62-66 are rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Flanagan et al. (J. Gen. Virol. 78:991-997, 1997) and Seth et al. (PNAS 95:101 12, 1998) 
in view of Yu et al. (Genes Cells 2:457-466, 1997) and Hurwitz et al. (Vaccine 15:533- 
540, 1997), and as evidenced by Ourmanov et al. (J. Virol. 74:2740-2751, 2000). Claims 
11-13 and 15 stand rejected under 35 U.S.C. 103(a) as being unpatentable over Flanagan 
et al. (J. Gen. Virol. 78:991-997, 1997) in view of Yu et al. (Genes Cells 2:457-466, 
1997), and Kast et al. (J. Immunol. 140:3186-3193, 1988). Claim 14 stands rejected 
under 35 U.S.C. § 103(a) as being unpatentable under Flanagan et al. (J. Gen. Virol. 
78:991-997, 1997) in view of Yu et al. (Genes Cells 2:457-466, 1997), and Kast et al. (J. 
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Immunol. 140:3186-3193, 1988) as applied to claims 1 1-13 and 15, and further in view of 
Boutillon et al. (U.S. Patent No. 6,015,564). Claims 1-4 and 16-19 stand provisionally 
rejected under the judicially created doctrine of obviousness-type double patenting over 
claims 1, 4, 5, and 13 of co-pending Application Serial No. 09/728,207, now allowed, in 
view of Yu et al. (Genes Cells 2:457-466, 1997) and Hirsch et al. (J. Virol. 70:3741-3752, 
1996). Applicants address each of these rejections and objections in turn below. 

Claim amendments 

Claims 1 and 3 have been canceled. 

Claims 2 and 5 have been amended to delete the recitation of "part." 

In claims 2, 5, 1 1, 16, 17, 20, 24, and 33, the term "Sendai virus vector" has been 
amended to "Sendai virus gene-transfer vector." Support for this amendment is found, 
for example, at page 13, lines 26-28, of the instant specification. 

Claims 5, 1 1, 20, and 33 have been amended to recite the term "gp41." Support 
for this amendment is found, for example, at page 22, lines 14-15, of the instant 
specification. 

New claims 67-72 have been added. Support for claims 67-7 1 is found, for 
example, at page 22, lines 33-35, of the instant specification. Support for claim 72 is 
found, for example, at page 3, lines 25-30, page 4, line 30 to page 5, line 3, page 17, lines 
1-12, page 49, lines 24-33, and in Figure 4 of the instant specification. 
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Applicants reserve the right to pursue any canceled subject matter in this or in a 
continuing application. 

Objection under 37 C.F.R. § 1. 75(c) 

Claims 12, 28, and 41 are objected to under 37 C.F.R. § 1.75(c) as being of 
improper dependent form for failing to further limit the subject matter of a previous 
claim. In view of the amendments to claims 1 1, 20, and 33, the objection should be 
withdrawn. 

Rejections under 35 U.S.C. § 1 12, first paragraph 
Written description 

Claims 1-5, 7, 9, 1 1-20, 24, 26, 28-33, 37, 39, 41-45, and 62-66 stand rejected 

under 35 U.S.C. § 1 12, first paragraph, for an asserted lack of a written description in the 

specification. In particular, the Office states (page 3): 

[T]he central issue under this rejection is the structure-functional 
relationship of the HIV/SIV proteins and the parts thereof, and whether the 
protein and the parts thereof have the capability of serving as a vaccine for 
HIV/SIV. (Emphasis original.) 

In support of its position, the Office cites to Matano et al. (AIDS 17:1392-1394, 2003) as 

stating that a full-length tat protein cannot induce or enhance a protective immune 

response. Applicants respectfully disagree. 

Regarding Matano et al., the Office refers to the third paragraph of column 2, page 
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1392 and concludes that "it is apparent SeV-tat failed to influence an anti-viral response 
since the same outcome was shown compared to the group giving DNA-prime alone .'' 
Applicants submit that the Office still misconstrues what is disclosed in Matano et al. On 
this point Applicants note that one of the inventors of the instant invention, Dr. Tetsuro 
Matano, who is also one of the authors of Matano et al., explains the teachings of the 
Matano reference as follows. 

Before the experiments demonstrated in the Matano reference were performed, 
several types of Tat-based AIDS vaccines were reported to show protective efficacies in 
macaque AIDS models (see Matano et al., page 1392, column 1, third paragraph). 
Among the references cited as references 7-9 at page 1392, reference 7 (Cafaro et al., Nat. 
Med. 5:643-650, 1999; a copy of which is submitted herewith as Exhibit 1), discloses that 
induction of Tat-specific CTL response reduced setpoint plasma viral loads (SPVL). It 
was known that there was a statistically significant correlation between levels of vaccine- 
elicited CTL responses prior to challenge and the control of viremia following challenge 
(see, e.g., abstract of Barouch et al., J. Virol. 75:5151-5158, 2002; a copy of which is 
submitted herewith as Exhibit 2). Thus, induction of Tat-specific CTL response would 
lead to elevated levels of vaccine-induced viral-specific CTL and reduction of SPVL. 

The DNA-prime/SeV-Tat-booster experiments described by Matano et al. were 
performed under these circumstances. As described at the second paragraph of column 2, 
page 1392 of Matano et al., all the animals showed the induction of SHIV (simian/human 
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immunodeficiency virus)-specific T cells by DNA vaccination, and after the booster, the 
expansion of SHIV-specific T cells, particularly SHIV-specific CD4 T cells. Thus, the 
DNA"prime and SeV-Tat-booster induced Tat-specific T cell responses. The animals 
then were challenged with SHIV. Macaques vaccinated with DNA alone and those 
vaccinated with DNA/SeV-Tat showed reduced levels of setpoint viral loads and were 
protected from progression of AIDS, except that one animal in each group showed acute 
CD4 T cell depletion. 

Matano et al.'s results indicate that no significant differences were found in 
protection levels between the DNA-vaccinated and the DNA/SeV-Tat-vaccinated groups. 
This does not indicate that Tat cannot induce or enhance a protective immune response, 
but rather indicates that, after the DNA-prime alone reduced SPVL, the SeV-Tat booster 
failed to ftirther reduce peak plasma viral loads. Indeed, SeV-Tat successfully induced an 
immune response specific to the immunodeficiency viral protein, repressed propagation 
of an immunodeficiency virus, and reduced SPVL. Furthermore, the Office focuses on 
one negative result instead of two positive results. The Matano reference does not deny 
effectiveness of Tat for the use recited in the present claims, as amended, and cannot be 
used to support the Office's position that not every HIV/SIV or a fi-agment thereof could 
serve as an AIDS vaccine. 

Furthermore, the Office includes claims 11, 16, 17, 20, and 33, and their dependent 
claims, in the claims rejected as lacking a written description in the specification as filed. 
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However, Applicants note that these claims do not recite the use of a Sendai virus vector 
as vaccine as a claim limitation, and, therefore, should not have been included in the 
present written description rejection. In particular, if all the claim limitations are 
supported by the description of the specification, the written description requirement is 
met. The immunodeficiency viral proteins and parts thereof recited in claims 11, 16, 17, 
20, and 33, and newly added claims 67-72 are supported by the instant description as 
evidenced by the following references submitted previously or at this time: Ourmanov et 
al., Hirsch et al., Boutillon et al., Geffen et al., Leung et al., NIAID's SPIRAT group, and 
Kano et al. (Gag, Pol, Env, gp41, and Gag-pol); Ensoli et al., Cafaro et al., and Matano et 
al. (Tat: two positive results vs. one negative result); Boutillon et al and Ayyavoo et al. 
(Nef); NIAID's SPIRAT group (Rev); and Ayyavoo et al. (Vif, Vpr, and Vpu). 

In view of the above, the written description rejection should be withdrawn. 

Enablement 

Claims 1, 3, 5, 7, 9, 20, 24, 26, 28, 30-33, 37, 39, 41, 43-45, and 62-64 stand 
rejected under 35 U.S.C. § 1 12, first paragraph, for an asserted lack of enablement. To 
expedite prosecution. Applicants have canceled claims 1 and 3. The rejection of these 
claims is moot. 

In addition, claims 2, 4, 5, 7, 9, and 62 have been amended to limit the 
immunodeficiency viral proteins to Gag, Pol, gp41, and Gag-Pol fusion protein. The 
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Office states (page 5): 

[T]he specification supplemented by the state of the art, while being 
enabling for intranasally administering a sendai virus vector expressing a 
protein of an immunodeficiency virus selected from the group consisting of 
Gag, Pol, gp41, Gag-pol, does not reasonably provide enablement for 
obtaining a vaccine effect by intranasally administering a sendai viral vector 
expressing parts of Gag, Pol, gp41, Gag-pol proteins, or expressing the tat, 
rev, vap, vpx vpr vif nef proteins, and parts thereof. 

As claims 2, 4, 5, 7, 9, and 62 have been amended to be directed to subject matter that the 

Office deems to be enabled by the specification and the state of the art. Applicants submit 

that the enablement rejection of these claims, as amended, may be withdrawn. 

The other claims included in this basis for rejection, and the newly added claims, 

do not recite the use of a Sendai virus vector as a vaccine. As discussed above and as 

evidenced by the references listed above, these claims are clearly enabled by the present 

specification. 

Furthermore, the Office asserts that Applicants fail to address the concems 
regarding genomic DNA of immunodeficiency virus as indicated at page 1 5 of the Office 
Action mailed on January 26, 2005. However, Applicants submit that the Office's 
concems are addressed at the paragraph bridging pages 20 and 21 of the previous 
response. 

For all the above reasons, the rejection for lack of enablement of the present claims 
should be withdrawn. 
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Rejections under 35 U.S.C, § 103(a) 

Claims 1-4 and 16-19 stand rejected under 35 U.S. C. § 103(a) as being obvious 
over Nagai et al. (U.S. Application Serial No. 09/728,207, now allowed), in view of Yu et 
al. (Genes Cells 2:457-466, 1997) and Hirsch et al. (J. Virol. 70:3741-3752, 1996). As 
submitted in the previous response, Applicants will address this rejection, if appropriate, 
upon an indication of allowable subject matter by filing a statement indicating that U.S. 
Application Serial No. 09/728,207 and the present application were, at the time the 
present application was filed, commonly owned. 

Claims 1-5, 7, 9, 16-20, 24, 26, 28-33, 37, 39, 41-45, and 62-66 stand rejected 
under 35 U.S.C. § 103(a) as being unpatentable over Flanagan et al. (J. Gen. Virol. 
78:991-997, 1997) and Seth et al. (PNAS 95:101 12, 1998) in view of Yu et al. (Genes 
Cells 2:457-466, 1997) and Hurwitz et al. (Vaccine 15:533-540, 1997), and as evidenced 
by Ourmanov et al. (J. Virol. 74:2740-2751, 2000). Claims 1 1-13 and 15 stand rejected 
under 35 U.S.C. 103(a) as being unpatentable over Flanagan et al (J. Gen. Virol. 78:991- 
997, 1997) in view of Yu et al, (Genes Cells 2:457-466, 1997), and Kast et al. (J. 
Immunol. 140:3186-3193, 1988). Claim 14 stands rejected under 35 U.S.C. § 103(a) as 
being unpatentable under Flanagan et al. (J. Gen. Virol. 78:991-997, 1997) in view of Yu 
et al. (Genes Cells 2:457-466, 1997), and Kast et al. (J. Immunol. 140:3186-3193, 1988) 
as applied to claims 1 1-13 and 15, and fiirther in view of Boutillon et al. (U.S. Patent No. 
6,015,564). To expedite prosecution. Applicants have amended the claims to replace 
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"Sendai virus vector" with "Sendai virus gene-transfer vector." In view of this 
amendment, as noted below. Applicants submit that the obviousness rejections should be 
withdrawn. 

At page 21 of the Office Action mailed on January 26, 2005, the Office states that 
Yu et al. teach that 'the V(-) version appears to be excellent and almost comparable to the 
above noted W-based expression" (column 1, page 462) and concludes that Yu et al. 
teach that Sendai virus could be used as carrier for expressing a analogous viral protein, 
such as the immunodeficiency virus, in place of the vaccinia virus or interchangeably with 
other known viral vectors. It should be noted that, just after the sentence quoted by the 
Office, Yu et al. teach that "SeV-based expression is a novel, useftil option for producing 
large quantities of gpl20 from mammalian cells." Furthermore, at Conclusions of 
Abstract, Yu et al. disclose "SeV-based expression serves as a novel choice for producing 
large quantities of HIV- 1 gpl20 and will greatly facilitate biochemical, biological and 
immunological studies of this important glycoprotein." It is clear from these teachings 
that Yu et al. disclose the use of Sendai virus as an expression vector. The sentence 
quoted by the Office merely compares Sendai virus with vaccinia virus as an expression 
vector. Yu et al. do not teach or suggest that Sendai virus can be used as a gene-transfer 
vector. 

In the absence of a teaching or suggestion that Sendai virus can be used as a gene- 
transfer vector. Applicants submit that one skilled in the art would not be motivated to 
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replace adenovirus taught in Flanagan et al. or vaccinia virus taught in Seth et al. with 
Sendai virus. 

The Office also asserts that Hurwitz et al. teach the advantage of using Sendai 
virus as a potential human vaccine (see Office Action mailed January 26, 2005, bottom of 
page 21). Indeed, Hurwitz et al. teach that Sendai virus itself can be used as an antigen. 
Nonetheless, Hurwitz et al. neither suggest nor disclose the use of Sendai virus as a gene- 
transfer vector encoding and expressing a heterologous viral protein. 

Similar to Hurwitz et al., Kast et al. teach that Sendai virus itself can be used as an 
antigen, but fail to teach its use as a gene-transfer vector. Nothing is disclosed about 
Sendai virus vectors in Flanagan, Seth, Ourmanov, or Boutillon. 

To establish a prima facie case of obviousness, the prior art references must teach 
or suggest all the claim limitations. As discussed above, none of the prior art references 
suggest or disclose the use of a Sendai virus vector as a gene-transfer vector. 

Furthermore, in response to Applicants' argument that Yu et al. fail to yield 
functional luciferase, the Office states that the problem in assessment appears not in the 
failure to yield functional luciferase, but over-production leads to "extensive aggregation 
of the expressed luciferase molecules in cells" (page 10, first paragraph of the present 
Office Action). This counterargument is not on point. The sentences quoted by the 
Office merely describe that a foreign gene can be readily inserted into the Sendai viral 
cDNA. Although Yu et al. describe the foreign gene insertion site in Sendai virus, a 
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luciferase gene inserted in the insertion site was overexpressed and the expression 
product was aggregated so as not to be functional. It is not important here to discuss the 
reasons for failure to obtain functional luciferase; what is important is the fact that 
functional luciferase could not be obtained regardless of the reasons. From the teachings 
of Yu et al, it is questionable whether a Sendai virus vector encoding a foreign gene 
could produce a foreign gene product that is functional to induce an immune response 
specific to the product. If the product aggregates, an immune response specific to the 
intact form of the product may not be induced. Therefore, even if the teachings of Yu et 
al. are combined with those of the other prior art references, one skilled in the art would 
not have reasonable expectation of success for inducing an immune response specific to 
an antigen that is encoded and expressed by a Sendai virus vector. 

In view of the above, the rejections for obviousness over the cited art should be 
withdrawn. 

Rejection under the judicially created doctrine of obviousness-type double patenting 

Claims 1-4 and 16-19 stand provisionally rejected for obviousness-type double 
patenting over claims 1, 4, 5, and 13 of copending Application Serial No. 09/728,207, 
now allowed, in view of Yu et al. (Genes Cells 2:457-466, 1997) and Hirsch et al. (J. 
Virol. 70:3741-3752, 1996). Applicants respectfully request that the provisional rejection 
be held in abeyance until such time as allowable subject matter is identified. 
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CONCLUSION 



Applicants submit that the claims are now in condition for allowance, and this 
action is hereby respectfully requested. 

Enclosed is a Petition to extend the period for replying to the final Office Action 
for three months, to and including April 24, 2006, and a check in payment of the required 
extension fee. Also enclosed is a Notice of Appeal in which Applicants appeal the final 
rejection of claims 1-5, 7, 9, 1 1-20, 24, 26, 28-33, 37, 39, 41-45, and 62-66. 

Further, enclosed is a check in the amount of $200.00 in payment of excess claims 
fees for four (4) excess dependent claims added. 

If there are any additional charges or any credits, please apply them to Deposit 
Account No. 03-2095. 



Respectfully submitted, 





Clark & Elbing LLP 
101 Federal Street 
Boston, MA 021 10 



Reg. No. 43,580 




Telephone: 617-428-0200 
Facsimile: 617-428-7045 
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EXHIBIT 1 
U.S.S.N. 09/823,699 ! 

Control of SHIV-89.6P-infection of cynomolgus monkeys by 

HIV-1 Tat protein vaccine 
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Vaccine strategies aimed at blocking virus entry have so far failed to Induce protection against 
heterologous viruses. Thus, the control of viral infection and the block of disease onset may 
represent a more achievable goal of human Immunodeficiency virus (HIV) vaccine strategies. 
Here we show that vaccination of cynomolgus monkeys with a biologically active HIV-1 Tat 
protein Is safe, elicits a broad (humoral and cellular) specific immune response and reduces in- 
fection with the highly pathogenic slmlan-human immunodeficiency virus (SHIV)^9.6P to un- 
detectable levels, preventing the CD4- T-cell decrease. These results may provide new 
opportunities for the development of a vaccine against AIDS, 



Most AIDS vaccine strategies (reviewed in refs. 1, 2) have failed 
to protect against heterologous viruses because of the HIV-l 
Envelope strain variability*^. Vaccines with live attenuated 
viruses can protect against heterologous viruses''"; however, 
delayed disease onset and the appearance of xevertant 
viruses'"" hamper their use in humans. 

We chose to target the Tat protein of HIV because Tat is pro- 
duced early after Infection and is essential for virus replication 
and lnfectivity'*-'^ In additioa Tat Is released extracellularly by 
infeCTed cells^" and is taken up by neighbor cells where acti- 
vates virus replication'^'^''". Extracellular Tat also favors trans- 
mission of both macrophage-tropic and T cell-tropic HIV-1 
strains by inducing CCR5 and CXCR4 co-receptors*'**. Tat is 
also essential in the pathogenesis of AIDS pathogenesis and 
AIDS-assoclated Kaposi's sarcoma"*'*-'*-*"-*^. 

Tat is also ImmxinogeniCj and antibodies against Tat may 
have protective effects in controlling disease progression^*^ by 
inhibiting both the effect of extracellular Tat on HIV replica- 
tion'^ and its immunosuppressive effects on T cells", 
Purthermore, the presence of anti*Tat cytotoxic T lymphocytes 
(CTLs) in the initial phase of Infection correlates Inversely with 
progression to AIDS (refs. 35-37). Tat protein is efficiently taken 
up by cells'^-^'^-^'and can induce CDS" T cell-mediated CTU 
resporises by entering the major histocompatibility complex 
(MHC) class I pathway^. Finally, Tat Is conserved in its im- 
munogenic epitopes among the different subtypes, with the 
exception of the O subtype***. 

Thus, although a Tat vaccine cannot block virus entry, 
the immune response to Tat may control virus replication and 
transmission. As a result, the Infection could be confined 
and progression to AIDS could be blocked, as has been 
suggested*'. 



Vaccination of cynomolgus monkeys with Tat 
We immunized seven cynomolgus monkeys {Macaca fascicii- 
laris) with a biologically active Tat protein" (Table 1). Six mon- 
keys were Immunized subcutaneously with Tat (10 ^ig) and the 
adjuvant RIBl (RIBI; « = 3) or the adjuvant aluminum phosphate 
(alum; n = 3), and one monkey, with Tat (6 ^ig), intradermally, 
in the absence of adjuvants. Two control monkeys were injected 
subcutaneously with either RIBI or alum alone. A naive monkey 
was Included in the protocol at the time of challenge as an addi- 
tional control. Boosts were given at 2, 6, 11, 15, 21, 28, 32 and 
36 weeks after the first immunization. The last boost was given 
intramuscularly with Tat in immune-stimulating complexes^. 
Monkey 54222, immunized intradermally, was vaccinated on a 





Table 1 


Vaccination protocoJs 


Monkey 


immunogen 


Adjuvant 


Administration 


54344 


Tat protein 


RISI (250 


SC 50Q ^1 in one site 


54879 


(lOiig/250 




(dorsal area, near the neck) 


54963 








54899 


Tat protein 


atum (250 


SC, 500^ in one site * 


55396 


(10^g/2SOuO 




(dorsal area, near the neclQ 


54240 






ID, rSO ^1 in two sites 


54222 


Tat protein 






(6 p.g/SOOjiO 




(upF>er dorsal area) 


55123 


buffer 


RIBI (250 fil) 


SC, 500 )L\ in one £iie 




(250 




(dorsal area, near the neck) 


55129 


buffer 


alum (250 


SC, 500 |iJ in one site 




(250^1) 




(dorsal arjea, near the neck) 


12 


None 


None 





Six macftqufis were immunrzcd subcutaneously {SQ with Tat in saline containing 20% 
auiologoui aernm and RIBI or alum. One nrjonkey waj vacdnated IntradermAliy (ID) 
with Tat. Control monkeys received RlSI or alum alone. Monkey 12, control of the vims 
Inoculum at the time of challenge, 
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Fig. 1 Humoral responses to Tat tx. 
Titers of antibody against Tat after the firrt 
immunization (week 0). Monkeys were 
inoculated with: a, RIBI +Tat: 54644 (O)/ 
54679 (P), 54963 or RIBI alone: 
55123 (O); b, aium + Tat: 54899 (O), 
55396 P), 54240 (A) or alum alone: 
55129 (O); or c. Tat alone: 54222 (A). 
Titers represent the reciprocal of the last 
plasma dilution ac which the test was stltl 
positive, d-e, Percentages of Inhibition by 
plasma (1 :2 dilution) from vaccinated 
monkeys of the rescue of Tat-defecth/e 
provlruses induced by 60-500 ng/ml Tat, 
Plasma obtained at week 21 after immu- 
nization. Macaques were vaccinated with: 
d, RIBI + Tat: 54844 (O), 54879 (Q), 
54963 (A); or c, alum + Tat: 54899 (OX 
55396 (D), 54240 (A). Controls (O), 
pooled pre-immune plasma from the 
corresponding groups. 
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Weeks after Immunization 
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6 U 15 21 2S 32 M 40 
Weeks after l/nmunlzation 

RIBI ♦TAT 







1 






























60 )20 240 500 

Amount of exogenous Tat (ng/ml) 



slightly different schedule (on weeks 0, 5, 12, 17, 22, 27, 32, 38, 
42 and 48) and did not receive the boost of iromune-stiniulat- 
ing complexes. 

No signs of local or systemic toxicity were seen at the time of 
vaccination, and clinical laboratoiy tests (blood cell counts, 
blood chemistry and FACS analysis), done each time blood was 
drawn, were always in the normal range (data not shown). 

Humoral and cellular responses to Tat after vaccination 

The six monkeys Inoculated with Tat and RlBl or alum serocon- 
verted by week 6 after the first immunization, and the antibody 
titers increased up to 1:25,600 in all monkeys Immunized with 
Tat and alum, and up to 1; 12,600 in the monkeys Immunized 
with Tat and RIBI; these titers remained stable up to 50 weeks 
after the first Immunization (Fig. la and b). Monkey 54222 
(given Tat intradermaUy) developed low titers of antibodies 
against Tat (1:100), which were detected up to 32 weeks after 
immunlmlon (Fig. Ic). 



Alum ♦TAT 



10D 
80 
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Table 2 Tat-spedfic CTLs and TNF-a production In vaccinated monkeys 



Croup 



Monkey Specie killing (%)* 

Week 28 Week ^ 6 



TNF-a (pg/TT»l)*' 
None PHA Tat 



RIBI + Tat (TO^ig, SO 



ALUM + Tat (lOfig, SC) 



Tat (6^Lg, ID) 
Control (RISI) 
Control (alum) 





50;1 


25:1 


50:1 


25:1 








54844 


4.7 


4.1 


14.4 


8.8 


0 


958 


70 


54879 


ND 


ND 


ND 


ND 


0 


110 


260 


54963 


0 . 


0 


. 0 


0 


ND 


ND 


ND 


54899 


4.7 


3.9 


15 


6.3 


0 


9 


344 


55396 


1.1 


1.1 


0 


1 


0 


416 


0 


54240 


7,2 


2.6 


ND 


2.6 


0 


0 


150 


54222* 


1.2 


0 


ND 


12.4* 


0 


30 


50 


55123 


ND 


ND 


0 


0 


0 


40 


0 


55129 


ND 


ND 


0 


0 


0 


60 


0 



*Anti-Tal CTl. activity of PBMCs; Anti-Tai CTL aciMiy of PBMCs at 50:1 and 25:1 effector: urget ration, weete 25 and 3$, 
after Immunlzatjon. Values gr^er than 1 OH were considered positive. Monkey 54879 could not be tested becauie Bj-ceU 
transformation with Paplo herpesvirus failed detpiU several attempts. TNF-a production from PBMCs obtained at weeic 44 
after Immunization; values represent the average of duplicate v«l!s. Values below cuUoff (15^ pg/ml) were given a value M 
0. -Weelu 22 and 32 after immunlzatJon; M2.5:1 effcctontarget ratio. ND, not dona; 5C, tuhcuianeously; ID, Intradermaiy. 



In addition, at weel: 21 after immtmlzatlon, plasma from the 
six macaques inoculated with Tat and RIBI or alum were capable 
of neutralizing the activity of 120-SOO ng/ml of Tat on HIV-1 
replication, compared with pre-lmraune plasma (Fig. Id^), as 
shown by the Inhibition of the rescue of Tat-defective 
proviruses induced after ihe addition to the cells of serial con- 
centrations of Tat (refs. 16,17,20), 
Furthermore, at week 44 after immu- 
nization, plasma from monkeys 
54963 (given RIBI and Tat) and 
54899 and 55396 (given alum and 
Tat) were capable of neutralizing the 
replication of the SHIV89.6P after in 
yitro acute infection of CEMxl74 
cells, compared with pre-immune 
plasma (data not shown). In both as- 
says, neutralization correlated with 
the titers of antibody against TaL 

Tat-specific proliferation was seen 
in three of three monkeys vacdnatecJ 
with Tat and RIBI (Fig. Za-c) and ija 
three of* three vaccinated with Tai 
and alum (Fig. Ze-gi, whereas no re- 
sponse was detected in the macaque 
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vaccinated intradermally with Tat alone 
(data not shown) and in the control mon- 
keys (Fig. Zd and 2h). 

Specific anti^Tat CTL activity began to be 
detectable in the vaccinated monkeys at 
week 2S after immunization but only 
reached levels above the cut-off (10%) at 
week 36 in one of two macaques vaccinated 
with Tat and RIBI, in one of three monkeys 
vaccinated with Tat and alimi and in the 
monkey vaccinated with Tat alone (intrader- 
mally) (Table 2). Although at week 28 mon- 
key 54240 (given alum and Tat) showed 
detectable but low (below 10%) CTL activity, 
test was inconclusive. 

To confirm and extend these data, at week 44 after Immxmiza- 
tion, we tested the production of tumor necrosis faaor-a (TNF- 
a), a known mediator of CTL activity'^, after stimulation of 
peripheral blood mononuclear cells (PBMCs) with Tat or phyto 
hemagglutinin (PHA). Monkeys 54S79 and 54240 (for which 
CTL activity could not be tested or was Inconclusive, respec- 
tively) and the monkeys that showed anti-Tat CTL activity all 
produced 



Monkey 54879 



Table 3 TNF-a production by CDS' and CD8* cells after Tat stimulation, and 
correlation with cell phenotype 



Group 


t^onkey 


TNF-n (p9/ml) 
CDS- cells CD8' cells 


CDS- cells (%) 
Total 


CD37CD8- CD37CDB^ 


WBUTai 


S4B79 


2 


22 


SB.6 


93.4 6.6 


(lO^ig, SQ 
alum + Tat 


54899 


2 


^9 


72 


85 15 


(long, SQ 


54240 


1 


7 


74.2 


94.5 5.5 



Week 44 after iinmunlzation. Percentage of total CDS" cclti, CDSVCDfi- T cells and CD37COa- NK cells. 5C, 
subcuuneoujiy. \ ^ 



at week 36 the 




TNF-a after Tat stimulation (Table 2). In contrast, monkeys lack- 
ing CTL activity, including the control monkeys, produced 
TNF-a after stimulation with PHA but not with Tat (Table 2). 

To determine the ceil source of TNF-a after Tat stimulation, 
we separated PBMCs from three of the five responsive monkeys 
(54B79, S4899 and 54240, for which cells were available) into 
CDS- and CDS' subsets and evaluated Tat-induced TNF-a pro- 
duction separately in the two cell fractions, which we also ana- 
lyzed by FACS. The main source of TNF-a (-90%) was the CDS* 
cell fraction, which was mostly (range, 85-94.5%) T cells 
(CD3VCD8*) with a minority (range, 5.5-15%) of NK 
cells (CD3-/CD8*)(Table 3). 

From week 11 or IS after primary immunization, skin 
tests to Tat produced positive results in two of three 
monkeys inoculated with Tat and RIBI ( 54879 and 
54963) and in three of three monkeys Inoculated with 
Tat and alum (data not shown). Monkey 54222 (given 
Tat intradetmaUy) did not show any reactivity to Tat. All 
monkeys responded to the recall antigen tetanus toxoid. 
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Weelu after Immunization 
Monkey 54963 
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Monkey 54899 
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Monkey 55396 
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Weeki after Immunization 



Monkey 54240 
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Weeks after immunization 

Monkey 55129 (control) 
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Weeks after Immunization 



Challenge with SHIV89.6P 

We used SH1V-89-6P for the virus challenge because it is 
highly pathogenic in macaques and because It contains 
the tat gene of HIV-1 (ref. 47). The virus stock used for 
challenge was derived from a cynomolgus macaque 
inoculated with the original SHIV89.6P from rhesus 
monlceys. 

To determine virus pathogenicity in cynomolgus and 
the monkey Infectious dose (MlD^i we inoculated virus 
stocks obtained from rhesus and cynomolgus macaques 
into six and eight monkeys, respeaively. There were 
high levels of virus replication and a profound and per- 
sistent deaease in CD4 T ceUs in all monkeys Inoculated 
with each vims stock (from 2,852 to 2.8 MIDso) (data not 
shown), as described^'. Therefore, we challenged all vac- 
cinated macaques and the two control monkeys intra- 
venously with 10 MIDw of SHIV.89,6P. As an additional 
control, we inoculated a naive monkey (12) with 2.8 
MIDso of the virus, a dose lower than the challenge dose. 



Fig. 2 Lymphoproliferative responses. A, Tat •/ tetanus toxoid. 
Monkeys were inoculated with: o-c RIBI + Tai; d, RIBI alone (con- 
trol); e-g, alum Tat; or ft, alum alone (control). Vertical axis, fold 
of proliferation (measured by *H-thymrdine incorporation) of ancl- 
gen-sUmuiated cells compared with unstimulated cells (stimulation 
Index); values greater than 3 (cut-off) were considered positive. 
Monlcey 54222, inoculated with Tat alone, responded to tetanus 
toxoid (fivefold to tenfold) but not to Tat (data not shown). 
Response to PHA, positive control (stimulation Index a 4). 
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Fig. 3 Deiection of viral 
Infection up to 2S weeks after 
challenge with SHIV.89.6P. 
a-c, Detection of p27 'antlgen- 
emla'. Detection of plasma 
viremia (5H1V RNA copies/ml 
plasma). Monkeys were inocu- 
lated with: a and RIBI + Tat; 
54B44 (O)* 54B79 (D), S^9e^ 
(A); b and alum + Tat: 54899 
(OX 55396 (□), 54240 (A); or 
c and t m\ alone: 55123 (O). 
alum alone: 55129 (□) or 
nothing: 12 (A). 
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After challenge, all three control monkeys were infected, as 
indicated by the presence of p27 antigen (Fig. 3fl-c) and viral 
RNA (Fig. 3tf-/) In plasma. In contrast, only two vaccinated 
monkeys (54963, given Tat and RIBL and 55396, given Tat and 
alum) were infected, as shown by both assays (Fig. 3). For the 
other flve vaccinees, including monkey 54222 (given Tat 
alone), p27 and viral RNA were always undetectable. Moreover, 
PBMCs from both the control macaques and the two vacci- 
nated, infected monkeys had a high pxovlral copy number from 
weeK 2 after challenge (Fig. 4a-c). One other macaque (54879, 
given Tat and RlBl), had a very low proviral copy number (1,5 
copies/^g' DNA) only at weeK 14 after challenge and not later 
(Fig. 4a-c). In contrast, in all the other vaccinated motikeys, in- 
cluding monkey 54222 (given Tat alone), proviral DNA was al- 
ways undetectable. 

The control monkeys and the two vaccinated and infected 
monkeys (54963 and 55396) also had consistently high levels 
of cell associated viral load (cytov\remia) (Fig. 4d-/). In con- 
trast, the other five vaccinated macaques were always negative, 
including monkey 54222 (given Tat alone). Moreover, each at- 
tempt to isolate virus (done since week 14 after challenge) from 
PBMCs depleted of CDS- T cells and stimulated with PHA from 
these five monkeys failed (Fig. 4). 

To verify that infection had occurred also In the 'protected' 
monkeys, we did serological assessments. Antibodies against 
5IV were detected In all the macaques from week 2 or 4 after 
challenge (Fig. 5). Control monkeys had the highest titers (at 
least 2 logs higher) and these Increased rapidly compared with 
chose of the vaccinated monkeys. The two infected, vaccinated 
monkeys, however, had higher titers than the five 'protected' 
monkeys, but these were delayed compared with those of the 
control monkeys. Moreover, in the five 'protected' monkeys, 
titers of antibody against SIV became undetectable from week 
14 or 18 after challenge. Antibodies against the HIV-1 Env of 
SHIV89.6P were detected in plasma from three of three control 
monkeys and in the two vaccinated and infected monkeys, but 
not in the other monkeys (data not shown). However, they 
were detected by In vitro antibody production in the super- 



natants of cultured PBMCs stimulated with mitogen pokeweed 
(PWM) from all the monkeys, with the highest titers in the 
control monkeys (data not shown). Thus, Infection probably 
had occurred In all monkeys after challenge; however, in five of 
seven vaccinated monkeys, it was kept at a very low or unde- 
tectable level. 

Consistent with these data, the CD4* T-cell counts decreased 
considerably In both the control, monkeys and the two vacci- 
nated and infected monkeys, whereas they remained high and 
stable In the five 'protected' macaques (Fig. 6), An increase in 
CDS- ceUs was detected in all monkeys after challenge. 
However, at week 23 or 28 after challenge, the number of CDS* 
lymphocytes returned to values similar to values before chal- 
lenge (Fig. 6). 

Discussion 

These data Indicate that Immunization with a biologically ac- 
tive Tat protein Is safe and Induces a complete Tat-specific im- 
mune response. Vaccination with Tat controlled (up to 28 
weeks after challenge) infection with the highly pathogenic 
virus SHIV-S9,6P in five of seven vaccinated monkeys. In these 
monkeys, the CD4* T-cell numbers did not decrease after chal- 
lenge, confirming that the Tat vaccine blocked virus replication 
and, consequently, prevented the CD4* T-cell decrease, AU para- 
meters of virus replication and a profound CD4 T-cell decrease 
were seen in all the naive monkeys (n = 16, Including the con- 
trols of the vaccination protocol) Inoculated in our lab with dif- 
ferent MIDio (from 2,852 to 2.852) of SHiy89.6P (grown in 
Rhesus or in cynomolgus), except in five of seven of the Tat-vac- 
clnated monkeys. 

Although high titers of neutralizing antibodies against Tal 
were present in all vaccinated monkeys (except for monke> 
54222, inoculated with Tat Intradermally), two of three of th€ 
monkeys capable of neutralizing both Tat activity and in vitn 
SHIV replication were infected after challenge. No virus was de- 
tected in the monkey inoculated with Tat alone, which had lov 
antibody titers. In contrast, anti-Tat CTLs and/or Tat-inducec 
TNF-ot production were found in all 'protected' monkeys, bu' 
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Fig 4 Detection of viral 
infection after challenge 
with 5HIV-89.SP. o-c, 
Quantitation of the SIV provi- 
r&\ copy number (copie^/^g 
DNA) up to 23 weeks after 
challenge, d-f, Cytovlremla 
(infected cells/TO* PBMCs) 
or virus isolation up to 23 
weeks after challenge. From 
week 14 after challenge, all 
nrjonkeys negative In cy- 
tovlremia were tested for 
virus isolation (instead of cy- 
toviremia) after CDS* T-cell 
depletion and stimulation 
with PHA and rhll-2, and the 
results were always negative. 
Monkeys were inoculated 
with: a and d, RiBI + Tat: 
54844 (O)* 54679 (Q), 
54963 (A); b and e, alum 4- 
Tat 54899 (O), 55396 (□), 
54240 (A); or c and f, RiBi 
alone: 55123 (0)# alum 
alone: 55129 (□) or nothing: 
12 (A), c. For monkey 12 
(control monkey inoculated 

with 2.8 MIDie of SHIV), DNA PCR was also positive at week 2, however, 
the proviral copy number was not determined, f, Before week 23, mon- 
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key 12 was always tested by virus isolation and results were always 
positive (data not shown). 



they were undetectable in the two Infected, vaccinated roon- 
keya. Most of this TNF-a originated fiom the CDS* T-cell su^et, 
confirming that CTLs detected in the monkeys l)elong to this 
celltype^. 

The low levels of the anti-Tat CTLs detected before challenge 
in our monkeys are not surprising, because although Tat-spe- 
ciflc CTLs responses can interfere with disease progression", the 
CTL levels are generally much lower and therefore are not com- 
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parable with those detected against other viral proteins such as 
Gag, Pol or Env (refs. 36,37,4&-S0). 

These data indicate that a cellular response to Tat may be In- 
volved in controlling infection, as suggested by previous work" 
and by data showing an inverse correlation "between the pres- 
ence of CTLs and HIV-1 viral load^. However, these data do not 
exclude the possibility of a role for antibodies against Tat in 
controlling infection and progression to AIDS. In particular, 
the two vaccinated, infected monkeys had slowly increasing 
and lower titers of antibodies against SIV or HIV, compared 
with those of the control monkeys, Indicating that neutralizing 
antibodies against Tat may interfere with virus replication. 

An AIDS vaccine based on Tat represents a strategy aimed at 
controlling KIV replication and at modifying the virus-host in- 
teraction that leads to progressive Immunodeficiency and dis- 
ease onset. However, the immune response against Tat cannot 
block virus entry. In fact, it is likely that a low level and/or 
abortive infection has occurred also in the five 'protected' 
monkeys, as indicated by the presence of transient and low 
titers of antibody against SIV, 

Sera from HIV-l-infected Ugandan patients, infected with the 
A and D subtypes of HIV-1 (ref. SI), recognize our Tat protein 
(derived from an HIV-1, subtype B strain) (S.B. et aL unpub- 
lished data), which indicates that Tat is sufficiently conserved 
to be an optimal vaccine target against infection with ail or 
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Fig. 5 Titers of antibody against HIV-2/SIV up to 28 weelcs after challenge 
with SH1V-89.6P. Monkeys were Inoculated with: a, RIBl + TsL- 54844 (O)^ 
54S79 (□), 54963 (A); b, alum * TaC S4899 CO). 5S396 (O), 54240 (A); 
C Tat alonei 54222 (O); or d, m\ alone: 55123 (O). alum aione: 55129 
(iq) or nothing: 12 Titers represent the reciprocal of the last dilution at 
which plasma wereitlil positive. 
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Fig. 6 CD4*and CDS' T-cell counts up to 28 weeks after 
challenge with SHIV-a9.6P. a,e,e and Numbers of CD4* 
T celIsM' h, d ,f and Numbers of CDS* T celli/Ml. 
Monkeys were inoculated witk a and b, RIBI t Tat 54844 
(O); 54879 (□), 54963 M; c and d, alum + Tat 54899 
(O). 55396 CP), 54240 (A); e and f. Tat alone: 54222 (O); 
org and h, RIBI aone: 55123 (OX alum alone: 55129 (Q) 
or nothing: 1 2 (A), 




most vlial strains. Because Tat delivered as DNA 
or as a Tat toxoid Is safe and immunogenic in an- 
imals and humans"''**'^. Tat, alone or combined 
with other viral products, may represent an opti- 
mal target for AIDS vaccine development for both 
preventive and therapeutic applications. 

Methods 

Animals. Adult cynomolgus monkeys {Macaco hsdculafb) 
were housed In single cages within level 3 biosafety facilrties 
according to the European guidelines for non-human pri- 
mate care (ECQ Directive No. 86-609, Nov. 24, 1986). 
Monkeys were examined and their weights and rectal tem- 
peratures were measured while they were sedated by keta- 
mlne hydrochloride anaesthesia (1 0 mg/kg). Blood samples 
for hematological, immunological and virological analysis 
were obtained in the morning before food administration. 

HJV-1 Tat protein expression, purification and Inocula- 
tion. HIVO Tat from the HTLV-lllB isolate (sub^e B) was 
expressed In Eschehda coil purified to homogeneity by he- 
parin-affinity chromatography and high-performance liq- 
uid chromatography and stored lyophlUzed at -80 "C a$ 
described". Purified Tat had full biological activity in sev- 
eral assays'^". As Tat is sticky, oxydlzes easily and is photo- 
and therm o-sensitive** It was resuspended in degassed 
buffer before use m vitro'' or in saline containing 20% of 
autologous serum for monkey inieclion. Plasilcware, sy- 
ringes and needles were ringed In medium containing 1 0% 
fetal calf serum (PCS) or in saline containing 20% autolo- 
gous serum, and all of these procedures were done in the 
dark with samples on ice. 

Adjuvants. RIBI containing monophosphoryl lipid A trehalose dimycolate, 
cell wall skeleton In oil (squalene) and Tween 80 was obtained through the 
European Concerted Action on Macaque models for AIDS Research from 
the AIDS Reagent project (National Institute for Biological Standards and 
Control, Potters Bar, UK). Alum (aluminum phosphate) was a gift from P. 
Frezza (Hardts, Naples, Italy), Immune-stimulaling complexes containing 
the Tat protein (80 \ig/m\) were prepared with a described procedure". 
ELISA and western blot analysis were done to confirm the co-localization of 
the immune-stimulating complexes with the Tat protein (data not shown). 

Detection of anUbodles against Tat. Polyvinyl chloride microtiter plates 
were coated with Tat (1 00 ng/20O ^i per well of 0.05 M carbonate buffer, 
pH 9.6) for 1 2 h [4 *C) and extensively washed with PBS without Ca*- and 
Mg*- containing 0.05 % Tween 20 (PBS/Tween). Plasma, 200 jil diluted in 
bufferj was then added to each well in duplicate. Plates were incubated for 
90 mln (37 *C), washed five times with PBS/Tween and 1 00 jil horseradish 
peroxidase-conjugaied secondary antibody (Sigma) diluted 1:1,000 in 
PBS/Tween (containing 1 % BSA) was added for 90 min (37 'Q. After ex- 
tensive washing of the plates, TOO ^1 peroxidase subsuate (ARTS 1 mM, 
Amersham Pharmacia Biotech, Milan, Italy) was added and the absorbance 
at 405 nm was measured with a spectrophotometer. A rabbit polyclonal 
antiseaim against Tat, used at serial twofold dilutions (1:200-1:6,400), 
was the positive control. Monkey prelmmune plasma (diluted 1 :50 and 
1:100) was the negative control. The mean of the negative controls + 3 
standard deviations represented the cut-off value. The minimal plasma di- 
lution used was 1 :50. 



Neutralization of Tat activity on HIV replication by the rescue assay .Tat 
activity was measured by the rescue assay In which the replication of Tat- 
defective HIV-1 provinjses is Induced by serial concentrations of Tat added 
to HLM-1 ceils (HeLa CD4- cells containing a Tat-defective HIV-1 provlrus) 
as described Growth medium (300 \x\) containing either preimmune 
or immune plasma (1:2 dilution) were added to each well (in duplicate). 
Supematants were collected 48 h later and p24 Gag content was deter- 
mined by an antigen capture assay (NEN). 

Lymphoproliferative responses. PBMCs were purified from dtrated pe- 
ripheral blood on a Picoll gradient with a standard procedure. PBMCs (2 x 
1 0* In 1 00 ^il of growth medium) were plated with 1 00 of medium, PHA 
((2 jig/ml); Murex Biotech Umltcd, Datford, UK), tetanus toxoid (5 jig/ml) 
or Tat (5 ^g/ml) each In triplicate wells. After 5 d, 1 jiQ 'H-thymidine was 
added and the radioactiviiy In samples was measured 1 6 h later with a 
Betaplate (Wallac, Turku, Finland). 

CTL assay. PBMCs were seeded (5 x lOVv^^ell in 0.5 ml complete medium^ 
In a 24-well plate v^th Tat (1 k9)- One day later, 5x10* PBMCs were Incu- 
bated for 3 h with Tat (1 Jig), washed twice and added to the wells contain- 
ing the PBMCs stimulated previously. On day 2, 2 lU of recombinant humar 
IL.2 (rhlL-2) was added to each well. Half of the supematant was replaced 
with medium contablng rhlL-2 twice each .week. On day 14, cells were col- 
lected, counted, resuspended In growth medium containing 1 mM sulfin- 
pyrazone (Sigma) and seeded (96-well round-bottomed plates) at seria 
twofold dilutions (In duplicate) (effectors). The day before the assay, her 
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pesvirus Paplo-transformed aulobgous B .lymphocytes" were pulsed 
overnight with or without Tat (4 >ig/10* cells; targets), labeled with the 
fluorescence-enhancing ligand bis (acetoxymeihyl 2,2':6',2''-terpyridlne- 
6,6''-ciicarbO)cylate (BATDA) according to the manufacturer's Instructions 
(Delfia; Wallac Turku, Flnland)(ref. 56), and 5x10' cells were added to the 
effeaors. After 2 h, 20 p.! of supematants were miKed with 200 ^1 of 
Europium solution, and fluorescence was measured after 20 min with a 
time-resolved fluorescence reader C^lctor; Wallac, Turku, Finland). The per- 
cent specific lysis was calculated for each effectorrtarget ratio as follows: 
(test release^spontaneous relea5e)/(maximum release-spontaneous re- 
lease) X 100. The percent specific lysis against unpulsed autologous B lym- 
phocytes was calculated and subtracted from the percent spedfic ly^'S 
against theTat-pulsed targets. The assay was considered positive for values 
exceeding 109^. 

TNF-a production in PBMCs, CDdT or CDS" T cells after Tat stimulation- 
PBMCs were seeded (in duplicate wells) in a 24-well plate In 1 ml complete 
medium (1x10* cells/ml) and stimulated with PHA (2 iig/w\) or Tat (5 
Jig/ml). After 2 days, 1 00 vil of the cell supernatancs was collected, and TNF- 
a production was measured by EUSA as suggested by the manufacturer 
(Cytoscreen Monkey for TNF-cc Biosource, Camarillo, California). 

To determine the cell source of TNF-a production, untracUonated 
PBMCs wer^ seeded In a 6-weIl plate in 4 ml complete medium (2x10" 
cells/ml) and stimulated v/ith Tat (5 ug/ml). After 2 d, cells were washed, 
counted and separated into CDS* and COr cells using Dynabeads (Dynal, 
Osb, Norway) following the manufacturer's Instructions. The purity of the 
cell populations was evaluated by three-color FACS analysis using mono- 
clonal antibodies against CDJ, CD4 and CDS . CDS" and CDS* cells were 
separately plated (5x10* cells/well) In a total volume of 200 ^1 a U-bot- 
tomed 96-weII plate In the presence of 2 U/ml of IL-2. Supernatants (1 00 jil) 
from the two different cell populations were collected after an additional 24 
h, and TNF-a produabn was evaluated by ELISA* 

Skin tesB for tetanus toaoid and Tat. PBS containing 0.1 % BSA (1 50 )iX) 
alone (negative control) or with tetanus toxoid (7 pg) or Tat (S or 1 >ig) was 
Injeaed intradermally on a shaved area of the upper t>ack. Monkeys were 
assessed at 24, 4B and 72 h after this Injection, The test was considered 
strongly positive (++) or positive (-t-) in the presence of induratten and ery- 
thema with a diameter of ^ mm or 1-4 mm, respectively. Erythema with- 
out induration or erythema < 1 mm were considered weakly positive (±) or 
negative (-), respectively. 

Generation of SHIV^9.6P wrus stock, and In vivo and in vivo titration. 
To prepare the vinjs stoclc, the parental SHlV-a9.6P (ret 47) (obtained from 
N. Utvin, Han/ard Medical School, Boston, Massachusetts) was used to In- 
feet a cynomolgus macaque. At day 14 after Infection, the monkey was 
killed and total or CDS' T cell-depleted cells obtained from spleen and 
lymph nodes were stimulated In Wtro with PHA (2 ^g/ml) and cultured in 
RPMl containing 15% FC5 and 50 lU/ml of rhlL-2. Supernatants showing 
reverse transcriptase activity > 50,000 cpm/ml were pooled, centrlfuged at 
9125 for 20 min (4 "^Q, clarified at 3,200^ for 30 min (4 ^C). The super- 
naiantwas then complemented with 10% of human senjm ABO and frozen 
at -152 *C. Frozen vials (0,5 ml) were then tested to determine the tissue 
culture Infectious dose (TCIDjo) using CEMx174 cells, C8166 cells and 
PBMCs from four naive macaques. 

To determine the MlD^o, the viral stock was titered in eight monkeys by 
inu-avenous inoculum of serial virus dilutions (5 x 1 0"' to 5 x 1 0-^. Infection 
was monitored by antibody response, plasma antlgenemia and vlremia, 
virus isolation, proviral DNA and CD4 T-cell counts. All these parameters 
were in the same range of those published^' and those from six monkeys in- 
oculated in our lab with the original virus stock from rhesus macaques. The 
MID» was then calculated according to Reed and Muench. 

QuanUutlon of the SHIV RNA copies in plasma. The quantitation of 
plasma SHIV-89.6P RNA copies was done by the Chiron Corporation In the 
Chiron Diagnostics Reference Testing Uboratory (Amsterdam, the 
Netherlands) with a branched ONA signal amplification assay recognizing 
the pal region of the SlVmac strains as described". The cut-off value was 
1,500 RNA copies/mi; however, values less than 3,000 RNA coples/ml were 
not always reproducible. 
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Quantitation of S!V provlral copies. DNA was extractea trom whole blood 
(QlAamp Blood Kit; Qlagen) and tested for ampllficatjon oF the p-globln 
gene as described*"- To detemnine the number of 5|V provlral copies, semi- 
quantitative DNA PCR was done to ampiliy a 496-bp region of the gag gene 
of SIV^, with primers and methodologies described". 

Virus Isolation and cell associated viral load (cytoviremla). For virus iso- 
lation, CDS- T cell-depleted PBMCs (3 x 1 0") were co-cultured with 1 x 1 0< 
CEM X 1 74 cells in the presence of PHA (2 ^ig/ml) for 2-3 d and cultured for 
30-40 d in RPMl 1640 containing 10% FCS, antibiotics and rhlU2 (50 
iU/ml). The titer of p27 SIV-Gag antigen was determined twice a weelc. 

For cytoviremla, serial twofold dilutions of CDMepleied PBMCs (1x10 
to 4.8 X 10* cells/well. In duplicate), were co<uItured with CEMx174 cells 
(1 x'l 0* cells/welO and assessed for the presence of p27 antigen production 
on day 12. The 50% endpolnts 'were calculated with the method of Reed 
and Muench, and results are expressed as the number of infected cells per 1 
xlO" PBMCs. 

Determination of antibodies against HIV-2/SIV and HIV-l Env in plasma 
and in v/rro antibody production. Antibody titers against SIV were deter- 
mined by end-point dilution using an HIV-2 ELISA assay (Elavia, Ac- Ab-Alc II 
k*C Diagnostic Pasteur, Paris, France). Antibodies against HIV-1 Env in ■ 
plasma were determined by HlV-1 Elisa assay {HIV-VHIV-2 Third 
Generation Plus; Abbott, Chicago llRnois). , 

For the in vitro antibody production assay, 2x10* PBMCs/well were 
seeded onto a 24-well culture plate with 2 pg/ml of PWM (Sigma) (ref. S9) 
and Incubated for 7 d. Supematants were then collected, centrifuged 
(3,200g for 1 0 min) and tested for HlV-1 Env antibodies. 

Detection of p27 'antlgenemia'. levels of p27 SIV-Gag protein were mea- 
sured In plasma by using an antigen capture EUSA assay (Innotest, 
Innogenetlcs, Zwijndrecht, Belgium) with a limit of detection of 20 pg/ml, 

CD4' and CDS* T-cell counts. Cltrated peripheral blood (80-100 was 
stained with phycoerythrin (PE)-conjugaled monoclonal antibodies against 
CD4 (Biosource, Camarlllo, California) and with peridinin chlorophyll pro- 
tein (PerCP)-conlugated monoclonal antibodies against CDS (Becton- 
Diclunson, Mountain View, California) and analyzed with a FACScan 
cytometer and software (Becton-Dickinson, Mountain View, California) as 
described". Isotype-matched PE- and PerCP-labeled antibodies were the 
negative controls. Absolute cell numbers were calculated from the blood 
cell counts. 



Ad^nowtedgwertti 

We thonit all personnel responsible of the onimol facility; C Sgadari, D. Negri, 
;. Macchla, Z. Michelini, M. Barbisin, £. SaM and C RoveUo (Laboraioy of 
Virology, titituto Superiors dl Sanita, tiome, Italy) for technical help; P. 
Markham and B.C Nair (Advanced BioSci&nce laboratories, Kensington, 
Maryland) for Tat protein production; A Uppo and f . M. Keglni for editorial 
assisiance} and Q, Benaglano (Oireaor General ISS, Rome, Italy) for his 
support to the study. This work was supported by Italian grants from the ISS, 
Rome, Italy, IK AIDS Project and from the Associazione Nazionale per la Lotta 
contro VAiDS (A^lAiDS), 

RECEIVED 4 MARCH; ACCEPTED 25 MARCH 1 999 

1. Almond, N.M^ fit Heeney, l-L AIDS VAcdne development in primAte models. MDS 

Z. luixo^DJ^& Mrore, J-P. Why do not have an MlV vaccine and how can we make 
one? Nature t^ed. 4, 495-498 (1 998). . . . m.u i -.Ff ^rrU 

3. Berman, P.W. ct al. Protection of chimpanzees from 'nf^Cllon by KIv-1 aFtw^^^^ 
nallon with recombinant glycoprotein gpl 20 but not gpl 60- Nature 345, 6Z2^25 

4. GiratSw. etat. Immunization of chimpanzees confers protection sgalnsl challenge 
wiS human immunodendency virus. /Voc. NotK Acad. 5d. USA 542^46 

S StotL 1. rt ol. Evaluation of a candidate human immunodericicncy virus type 1 
(^SJl) vardne l^n^ciques: effects of vaccination with HlV-l gpUO onjubsc. 
quentlillSrngo with heterologous simian Immunodeficiency virus-hlV-l virus. /. 
Oen. Wrot79,423--4S2 (1998). 

649 



6. KMtier, M.D, «c at. Importance of the gene for malnienance of high vims loads 
andfordevebpmeniof AIDS. Cdl6S, 651-662(1991). 

7. Daniel, M.D., Kirchhoff. F., Czajak, S.C, Sehgal, PX, Bl Dcsrosiera, R.C. Protectivt 
eFfeca of a live attenuated StV vaccine with a deletion In the nef gene. Science 25S, 
1938-19^1 (1992), 

B. Tittl F. ct ot Uve^nenuated simian immunodeficiency virus prevents jupernnfec- 
tion by cloned SIVmac251 in Cynomolgus monkeys. /. Cen. VM 78, 2529-2539 
0997). 

9. WhaCmore, a.m. 9l oi Repair and evolution of nef in vh/o modulacet Simian 
Immunodeficiency Virus virulence. A Virol. 69, 51 1 7—51 23 (1 995). 

1 0. Baba, T.W. ec at., Pathogenictiy of live attenuated SIV after mucosal infection of 
neonatal macaques. Science 267, 1 S25 (1 995). 

11. E22eH, C The monkey's got AIDS: what now for live AIDS vaccine? tJiH kes. 9, 
21-22 0997), 

1 2. Afya, S.K^ Guo, C, Josephs, S.F. & Wong-Staal, F. The trans-activator gene of 
human T-lymphoiropic vims type 111 (KTLV-IIO. 5dcnce 229, 69-73 0 985). 

1 3. Fisher, A.G. ec al. The trans-activator gene of HTLV-llI is essential for virus replica- 
tion. Nature ^67^371 <19&6). 

14. Chang. H.-1C, Galte, R.C. a EnJon» B. Regulation of cellulaf gene expression and 
function by the human immunodeficiency virvt type i Tai protein, y. Bicmed. Sti. 2, 
189-202 0 995). 

1 5. Ensoll, B. etai Tat prolan of HIV-1 stimulates growth of cells derived from Kaposi's 
sarcoma lesions of AIDS patients. Nature 345, 84-87 0 990). 

1 6. EruotI, B. er al- Release, uptake, and effects of extracellular human Immunodefi- 
ciency virus type 1 Tat procein on cell growth and viral transactlvatlon. J. Vlmi 67, 
277-287 0993). 

17. Chang. M.C Samaniego, F„ Nair. B.C.. Buonaguro, L. & Enwli, B. Hiv-l Taipro. 
tein exits from cells via a leaderless secretoiy pathway and binds to extrBcellular 
maiiix-assodated heparan sulfate proteoglycans through its basic region, AlOS 11, 
1421-1431099^- 

IB. Westendorp, M.O. ec ai Sensitization of T cells to CD95-mediated apoptosis by 
HIV-1 Tat and gp 120. Nature Z7S, -497-500 (1 995). 

1 9. Frankd, A-D. & Pabo, CO. Cellular uptake of the Tat protein from human Immun- 
odeficiency vims. Cell 55, n 89-1 1 95 0 988). 

20. Barillari. C. ct qI. Effect of cytokines from activated Immune cells on vascular cell 
growth and MIV-1 gone cKpression. Implications for AIDS-Kaposl's sarcoma patho. 
genesis. A Immunol. 149, 3727-3734 0 992). 

21. Huang. U Bosh, U Hofmann, W., Sodroski, i. & Pardee, A.B, Tat protein induces 
human immunodeficiency virus type 1 (HIV-1) corecaptorsand prwnotcs Infection 
with both macrophage-tropic and T-Iymphotropic HIV-1 strains. J» Vtrol, 72, 
8952-^960 0998). 

22. U, C.J. etat. Tat protein Induces self-perpetuating permissivity for productive HlV-1 
Infection. Proc Naii.AcQd. ScL USA94, an&-«120 0997). 

23- Vlscldl, R.P, Mayuf, K.. Lederman, H.M. & Frankel, A.D. Inhibition of antigen-in- 
duced lympho^te proliferation by Tat protein from HIV-1. Science 2A6, 
1606-1 608 O^BV). 

24. Barillari, C, Cenddman, R., Callo, R.C. & Ensoll, B. The Tat protein of human Im- 
munodefictency virus type-1, a growth factor for AIDS Kaposi's sarcoma and cy- 
tokine^ctlvated vascular cells, induces adhesion of the same cell types by using 
integrin receptor? recogniring the RCD amino acid sequence. Proc Nott, Acad. Sd. 
USA 90. 7941-7945 0 993). 

25. Subramanyam, M„ Gutheil, W.C.. Bachovchin, W.W. & Huber. B.T. Mechanism of 
HIV-1 Tat induced inhibition of antigen-specific T cell reiponthrenesi, /- Immunot. 
150,2544-2553 0 993). 

26. Zaguiy. J.F. et ah Interferon alpha and Tat involvement in the immunosupprossion 
of uninfected T cells and C-C chemoklne dedine in AIDS. Proc, Nati Acad. Sd. USA 
95,5851-3856 0 998). 

27. EnsoU, B. et al. Synergy between basic fibroblast growth factor and HIV-1 Tat pro- 
tain In Induction of ICaposrs sarcoma. Nature 371, 674-6S0 0 994). 

2B, U CJ.. Friedman D.]., Wang C, Metelcv V. & Pardee A.B. Induction of apoptosis in 
uninfected lymphocytes by Hrv-1 Tat protein. Science 26a. 429-«31 (1 995). 

29. Zauti, C. et al. Pleiotropic effects of immobtllzed versus soluble recombinant HIV-1 
Tat protein on CD3-mcdiatcd activation, induction of apoptosis, and HlV-1 long 
terminal repeat iransactivation in purified CD4* T lymphocytes. J. Irnmunoi, 157, 
2Z^ 6^2224 {^99€). 

30. Zaguiy^ J.F. etai Mode of AIDS immunopathogenesis based on the HfV-1 gpl20 
and Tat-induced dysregulation of uninfected immune cells. Ce!f Pharmoa^. 3, 
123-128 0 996). 

31 . Relis, P. er al. Speed of progression to AIDS and degree of antibody response to ac- 
cessory gene products of HlV-l . Med. Viroi. 30. 1 53-1 68 0 990). 

32. Rodman, T.C^ To, 5,£., hashish, H. k Manchester, K. Epitopes for natural antibod- 
■ ies of hurrwn immunodeficiency virus CMIV)-r\egailve (normal) and MiV-posltive sera 

are coincident wiUi two k^ functional sequences of HIVTat protein. Free Noti Acad 



Sd, USA90, 7719-7723 0993). 

33. Re, C et al. Effect of antibody to Hiv.l Tat protein on viral replication in vitro and 
pmgresilon of HlV-1 disease in vbfo. /. Actfuir. immune Oeflc Syndr. Hum. Hetrnvim!. 
10. 40B-416 0995). 

34. Zaguiy, j.F, et oi* Antibodie* to the HIV-1 Tat protein con-elated with nonprogres- 
slon 10 AIDS; 3 rationale for the use of Tat toxoid as an HlV-1 vaccine../. Hum. Wroi. 
fl, 282-292 0998). 

35. Venct A., Bourgault, I., Aubertin, A.M., Kiony, M.P. & Levy, j.p. Cytotoxic T lym- 
pho^te resporue agalrut multiple simian immunodefidency virus (SfV) proteins in 
SlV-infected macaques. J. immunot. 1 4a, 2899-2908 (1 992). 

36. Van Baalen. CA et at HIV-1 Rev and Tat specific cytotoxic T lymphocyte frequerv 
cies Inversely con^elate with rapid progression to AIDS. Cen. virol. 78. 1 91 3^1 91 6 
0997). 

37. Froebel, K.S. tff o/. Cytotoxic T lymphocyte acthrity in children infected with MIV. 
AIDS Res. Hum. Retrovir. 2, 83-88 (1 994). 

38. Fav«|[, S. era/. Tat-mediatcd dcDvefy of heterologous proteins Into cells. Proc. Nati 
Aead- Sd. USA 91, 664-668 0 994). 

39. IGm, D.T. et al. Introduction of soluble proteins into the MHC class 1 pathway by 
conjugation to an HIV tat peptide. /. Immunol. 159, 1 666-1 668 (1 997), 

40. Human Retroviruses and AIDS 1 995. A Camptlarlan and Anaf/sb of Nudek. Adds and 
Amino Add Sequences (cdi, Korber, B. et al.) II-A-S5. 56 0>>eoretical Biology and 
Biophysics, Los Alamos National Laboratory, tos Alamos. New Mexico. 1995). 

41 . Goldstein, C. HlV-1 Tat protein as a potential AIDS vaccine. Nature Med. 1. 
960-964 0996). 

42. Davis, 0, «e c/. A recombinant prime; peptWe boost vaccination strategy can focui 
the imrnune response on to more than one epitope even though these may not b« 
Immunodominant in the complex Immunogen. Vacdne 15, 1 661-1 669 0 997).' 

43. Perez, C et ai A rwnsccratable cell surface mutant of tumor necrosis factor O'NF) 
kflls by cell-tcxell contacL Ccff 63, 251-258 0990). 

44. Jassoy, Cetai. Human immunodeficiency virus type 1 -specific cytotoxic T lympho- 
cytes release gamma Interferoa tumor necrosis factor alpha 0>JFa), and TNF-P 
when they encounter their target antigens. Virol. 67, 2844-2852 0993), 

45. Ratner. A. fir Clark, w.ft. (tole of TNF-a In CDa+ cytotoxic T lymphocyte-medioted 
lysis.;. Immunok 150, 4303-4314 (1993). 

46. Ando, K, et oU Perfortn, Fas/Fas Ilgand, and TNF-a pathways as specific and by- 
stands killing mechanisms of hepatitis C virus-specific human CTL /. Immunol 
15B. 5283^5291 0997), 

47. Reimann, ILA. et al. A chimeric simian/human immunodeflclerKy vims expressing a 
prJma7 patients human immunodeficiency vifua type ^ isolate env' causes an AlDS- 
lUte disease after in vivo passage in rhesus monkeys. /, WroiL 70, 6922-6928 0 996). 

48. Lsmhamedl^CheiradL 5. et al Qusrnative and quantitative Analysis of human cyio> 
tO)(icT-lymphocyte responses to HIV-1 proteins. AIDS 6, 1 249-1 258 099?), 

49. RinaldOi, C.R- eial And-HIV type 1 cytotoxic T tymphocyta effector activity and dis- 
ease progression In the first 8 years of HIV type 1 infection of homosexual men. 
AJDSRes. Hum, Retrovir. 11, 481-489 0 995). 

50. Ogg, G.S. rt at. Quantitation of HfV-1 -specific cytotoxic T lymphocytes and plasma 
load of viral RNA. 5c/MCe279, 2103-2106 (1998). 

51. Buonaguro, Letai. Heteroduplex mobtlliy assay and phylogenetic analysis of V3 re- 
gion sequer)ces of human immunodeflcl^cy virus type 1 1solates from Culu, north- 
em Uganda. The ItaTian-Ugandan Coopefatlon AIDS Program. Virol. 69, 
7971-7981 0995). 

52. Calarota, S. et of. CefluUir cytotoxic response induced by DNA vaccination In HIV-1- 
Infected patients. tflncet351, 1 J2D-1325 0998). 

53. Crlngerl, A. er aL Safety and Immunogenici^ of HIVO Tat To»sQld In 
Immunocompromised HlV-1 Infected Patients. /. Hum, Vifoi. 1, 293-298 0 998). 

•54. Ceselll, £. er at. DMA Immunization with HlV-1 tat Mutated in the Transactivation 
Domain Induces Humoral and Cellular Immune Responses against Wild-Type TAT, 
;. Immunol, (in the press). 

55. Chea Z.W. et ah Cytotoxic T lymphocytes do not appear to select for mutations in 
an immunodominant epitope of simian Immunodeficiency /. Immunol, 149. 
4060-4066 0992), 

56. Lovgren^ J. Gt Blomberg, (C. Simultaneous measurement of NK cell cytotoxkl^ 
against two target cell lines labelled with fluorescent lanthanlde chelates ]. 
Immunol Methods 1 73, 11 9-1 25 0 994). 

57. Sodora. D.L, Lee^ F.. Dalley, PJ. & Mam, P.A, A genetic and ^'iral load analysis of the 
simian ImmunodefiderKy virus during the acute phase in macaques inoculated by 
the vaginal route. AIDS Res. Hum. Retioviruses 14, 1 71-1 31 (1 998). 

58. Saiki, R.K- et ai Eruymatic amplification of beta-gbbln genomic sequences and re- 
striction site analysis for diagnosis of sickle cell anemia. Sdence 230, 1350-1354 
0985), 

59. Fiore. |.R. etai Pokeweed mitogen^mulated peripheral blood mononuclear cells 
from at-risk seronegative subjects produce In vitro HIV-1 ^specific antibodies. AlOSB, 
1034-1036 0991). 



650 



NATURE MEDICINE • VOLUMES • NUMBERS * )UNE1999 



EXHIBIT 2 
U.S.S.N. 09/823,699 



JouRXAL OF Virology, Jmic 2001, p. 5151-5158 
0022.538X/0iy$M.O0+O DOI: 10J128/rsa75 J1^151-515S:2(M)1 
Cqpyrighi e 2001, American Sodciy tor Microbiology. AH Righis Reserved. 



Reduction of Simian-Human Immunodeficiency Virus 89.6P 
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Since cytotoxic T lymphoiTtes (CTU) are critical for conlrolling human tmmimodeficlency vbna^e 1 
(HIV.l) rtraicatloii in infected indMdnals, candidau HIV-1 vaccines should dldt vxroB-Epedfic CTL re- 
spmiBes. In this report we study the immune responses elidted in rhesus monk^ bV a recomWnant poawima 
vaedne and the degree of protection aflbrded against a pathofienic simSan-human immuuDdcaclcncy vims 
SHIV-89 €P chanenge. Immunization with recombinant modified vacdMa vims Anltara (MVA) vectors ex- 
presdne SIVmac239 gag^ and HIV.l 89,6 env eDdtcd potent Gag-specific CTL responses but no detectable 
SHIV-specSfic neutralizing antibody (NAb) responses. Following intravenous SHrV-B9-fiP djaflcng^^^Mnr 
vacdnated monkeys developed low-frequency Un, responses, low-tJtff NAb responses, rapid loss of ^4 T 
lymphocytes, hifih-se^wint viral RNA levels, and significant cHmcal disease progression and death in half of 
the aTrimaU by dsy 168 poatdiallenge. In contrast, the recom binant MVA-TBcdnatcd monkeys demonstrated 
hlgh-fremenpy secondaiy CTL responses, high-dter secondaiy SHIV.89-6-spedflc NAb responses, rapid emer- 
eence of SHIV"a9-fiP-spedfic NAb responses, partial preserratlon of CD4* T lymphocytes, reduced setpoint 
viral RNA levds, and no evidence of dinical disease or mortally by day 168 postchallenge. There was a 
statisticaUy significant correlation between levels of vacdne-eUdted CTL responses prior to challenge and the 
cantrol of vSrcmla foUowins diallengc. These results demonstrate that immune responses elicited by Hve 
recombinant vectors, although unable to provide sterilizing fanmmxiiy, can control viremia and prevent disease 
progression following a liighly pathogenic AIDS virus challenge. 



A safe and effective human immunodefidcncy virus type 1 
(HIV*1) vaccine is urgently needed to cantrol ihe worldwide 
HIV-1 epidemia A number of recent studies have demon- 
strated the importance of virus-fipecific CDS"*" cytotoadc T lym- 
phocytes (CTLs) in contxollLng HIV-l replication in humans 
and simian immunodcfidencyvirus (SIV) replication in rhesus 
monkeys (18, 26, 27, 36). It is therefore widely believed that 
HIV-1 vaccine canc^dates should elidt potent virus-spedfic 
CTL responses in addition to neutralizing antibody (NAb) 
responses. 

Uve, attenuated virus vacdnca have been shown to generate 
CTL and NAb responses capable of controlling a nimiber of 
pathogenic viral challenges (10, 40, 41). However, significant 
safety concerns. regarding this approach remain. Live, attenu- 
ated SIV vaccines have been shown to induce AIDS in neona- 
tal and adult macaques (4, 5). More importantly, humans in- 
fected with y^f-ddetcd HIV-1 have been reported to develop 
immunodefidency and clinical disease (11, 14, 22). 

Other vaccine strategies capable of elidting virus-specific 
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CTL responses are therefore being evahiated. Approaches that 
have generated considerable interest indude plasmid DNA 
and recombinant live veaors. We have recently reported that 
plasmid DNA vaccination elicited high-frequency CTL responses 
that reduced setpoint viremia foDowing an SIVsmE660 chal- 
lenge in rhesus monkeys (12). We have also demonstrated that 
cytokine-augmented DNA vaccination didted potent itnmune 
responses that effectively controlled viremia and prevented 
clinical disease progression following a pathogenic simian-hu- 
man immunodefidency vims SHIV'89.6P challenge (6, 7). 

It remains to be determined whether other vaccination mo- 
dalities, in particular live recombinant vectors, will provide a 
similaT levd of protection b monkeys challenged with the 
highly pathogcme virus SHIV-89.6P (32-34). A number of 
recombinant live poxviruses have been evaluated for their util- 
ity as HIV-1 vaccine candidates. Safety concerns regarding 
vacdnia virus (31) have led to the development of a number of 
attenuated poxviruses a& vaccine vectors, inchiding NYVAC, 
fowlpox, canarypox, and modified vaccinia virus Ankara 
(MVA) (8, 16, 28, 29. 37, 38). MVA is an attenuated form of 
vacdnia virus that has undergone 570 passages in primary 
chicken embiyo fibroblasts and has genomic ddedons that 
reduce its pathogenidty (23), We have recently reported that 
a recombinant ^^Algag-pol vaccine ehdts SIV-spcdfic CTL 
responses in rhesus monkeys (37). Following a pathogenic 
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SIVsmE660 challenge, secondary CTL responses were de- 
tected associaied witib a partial control of viremia (38). In 
anotber study, vaccination >vitb recombinant MVA/ctjv, MVA/ 
gai-pol, or MVA/gag-pol-mv consmicts reduced plasma vire- 
xnia and increased survival following an SIVsmE660 challenge 
(28, 29). 

In the present study, wc investigate the ability of recombi- 
nant MVA vectors cjcprcfismg SIV gag-pol and HTV-l env de- 
rived from the piimaiy patient isolate 89.6 to elicit CTL and 
NAb responses in rhesus monkeys. We also assess the protec- 
tion afforded by these immune responses against a highly 
pathogenic SHIV-89.6P challenge. 

MATERIALS AND METHODS 
ConstrnetloD of T«£oiafaSa2Xkt MVA vcctan, Opea reading frames of 
SIVinac239 mg'ppl and IflV-l E9.6 env tnuKBtcd at amiao Add 738 were in* 
sertcd ac^attm to die modified H5 promoter ia the ptcwioual? dfisai^ 
transfer vccton pLW-9 and pLW-17, rcqjcciivefy (42, 43). Recomhinani MVA/ 
gftg-pol and MVA/«7JV vectors wfixc cac2k produced by homologQUfi rcocmibiiia- 
tlon, identified by immimoSUnndflg of live, infected ceS fod sod doaanjr isoOatcd. 
The purity of cadi recomlnxiant vlnia vaa amrwKni by PCR and immimoataizdng. 
£(pDCv3&los of the rccombiDHDt pxoteini vaa detrrrmmcd by ladioimmu&oprcdpi- 
tatfon. Tlie production of Gag paxtidtf and Bur&cc apreszion sod fiiska eam- 
petezice of the cxprcsed Exnr pfotebu demoostratedk 

Vacdsctian arid challfiiigQ of sfacsiu monIe^& Eight JlfiBjra««4*t7i-poshive 
xlxesiu monkeys vere selected fox inchasion in tfafasmdy (20). The moriteys «fcxc 
mmmnizcd iotcamiucalarfy with 10" PFU of ehher oontzol rfflniecombioaat 
MVA (n = 4) or recombinant MVA vcclots e^tfeaang SIV f and HIV-1 
89.fi env at weeks 0, 4, and 21. Tbc moiikeys wvte cballensed at wec3i 27 whh q 
1:500 dihxriQn (estimated 100 50% monk^ infective doacs [MIDaJ) the 
imcloned cctt-frec SHIV-fi9^ abode C33» 34) by Ibe fatrawenoua 0-^.) route. 
Monkeys were msintaTned In armrdflnm with Kotional Innlnixes of Health and 
Harvard Medical Sdbool guidsUnca. 

Xeoamer st&lidn^ Tetramer naimng was pezfcxmed with £rcahly isolated 
peripheral blood maDonsdear ccUb (PBMQ &am EDTArsntleoagnlated vtole 
tdood ^tcdmotB as dcsoibed (3, 21)- Bric^, sohiUle tetnimerlc Mamn-A'^O] 
compleiEca folded aionikd the SIV Gag pllC cpixope (CIFYPJKQM) (1, 24) 
were prepared. One fmcrogram of pi^Doeiyihrin-labcled tetnimerk Mamu- 
A"01/pllC was used in cenJuncdoB with fluorescein iaotWocyanato- 

labeted antHniman CDSa (LcuZn; Bertm Diddzisan). pbyoocexythxifr-Tcxaa 
Red (EO>-Iabeled anti-hmnan CD8a& (2STS-5B7; BccEcman OEnalter), and 
allopbycocyanin-labclcd anti-xhcsBS monkey CD3 (FNIS) manodoBol o&tlhod- 
icB to £tab pllC-^ecific CDS* T ceQ& A toial of 100 }iJ of ^Aoleblood froro the 
vaccmHted or control moalccys was directlty nained wish these rcagestx, tyscd, 
waahcd» and ibced. Samples were analyzed by four-color flow cyiomcny with a 
Bcaon DaddnsQD FACS Calibnr system, and gated CDa*^ CDSap* T cells ware 
escamsncd for staining tctiamczic Mamn-A^Ol/pHC compIesc&, 

CTL assays. Fnnctiooal nhmm'mm release cytoxoapcily assays were performed 
u described [€>. Brie£ty» 5 X 10° washed FBMC from tbesns morkkcys were 
cultured in !bc presence of 10 h5 «>f pllC peptide (Cr7YDINQM)/tol (1, 24). 
On day 3 of eoltnre, 20 U of human rccombioani interlesfdn 2 (Hofinaim-La 
Rocibe)/inl waa added. On day 12 of cultnrCr pcptide-sdmniated fSMG were 
eentrlfuged over FIcoH (FlcoQ-Foqoe) and assessed as cfiedoxs >n Jttandard 4-h 
^^Ot^saac ass^ containing 10^ target ccUsAvcIL AindogOuJ B-lyiBphohla&- 
toid cell Unea pulsed with 1 ^vg of pllC peptide or pllB control peptide 
(ALS£OCrPYDIN)Anl and labeled overnight with *^Cr (100 jiCS/ml) were used 
as targets. To measure epontaneouB rdeaso of'^^G, target cells were incubated 
with 100 ^1 of *«^iim and for mazimnm release target cdls wcic mcnbated vdth 
iro jd of 29S Triton X-IDQ. Perccm lysis wai calculated as follows! LCctpcrimen- 
tal release — ipootaneouA rclcase)/(maxiznnm releaice "* spontaneons rdease)] >C 

loa 

NentraUztng eaSSbo^ assags^ Dctcrznmacion of solfbody titcn opabXe of 
neutralizing SHIV-69.6 and SHIV-S9.6P was perfbxmed as described (9). Briefly, 
reduccioa of virus-induced cytopaihie lolling o£ Mr-2 cells was measured Ivy 
FsDter'a neutral red that U lalcea up by viable cells. A total of 50 ^1 of ceO-free 
■virua containing 500 50% tassue colmre infcctnre doses gro>m in hiimfln PBMC 
was added to xmih^e dihitaons of test plasma in 100 \il of gprowi^ media in 
triplicate. Tlicse mixmrM we«e inpuhfltnri for 1 h before the addition of 5 X 10* 
Mr-2 Infecdon led to ortctttive ^neytium formBtion and vlms^lnduecd cell 
kiUing in 4 to 6 days in the absence of acmralizing andbodieL Neutralizatian 



titOT woe calculated aa the rcdprocal dUutioa of plaona required to pioiect 
£0% of ceUs from inros^lnduccd hfllin^ 

CHA* T-ljmphocyte connu and vtral IQiA levels. CI>^* T-lympbocyte counts 
^refe determined tiy multiptylng the total lynqihoqne count by the percentage of 
rrwf^ T grj^ awms^'* hy flow qytomcny. Masna viral UNA levels were 
measured by a rcal-dme reverse transcriptase 7CR ampfliflcaiian asssy with a 
detection limit of 5O0 copiuM as deambcd (17) using gog primers and probes 
(39), 

StaOsUcBl annl^es. StatisticBl anoVses were performed with OraphPad Ftism 
vcrziaD 2.01 (Gr^^hPad Software, Inc.). C3>4* T-bmpbotyte counts and viral 
RNA Ictfcb were mmparcd between groups by two-sdcd "Beaton rant sum 
tests. Day 70 setpolni valuca were chosen in order to analyze a complete data set 
prior to the dca(b of any animalE. Correlntion of prcehallenge vaodne-eUdted 
CTLb and d^ 70 postehallengc Ecqxrint viral RSA levels was assessed \fy a 
two-aided Spearman t»ak corrclfltion test In all cases^ a P value of <0.D5 was 
considered sfgnificanL 

VflCdne trial dedgHK. Eight rhesus monlceys (M midana) 
expressing the major bistocompatibiliTy complex dass I allele 
MamU'A'i)! were selected for indusian in this study (20), 
These fl-ntmak weic imznunized with the control nozxrecosibi- 
nani MVA (n ^ 4) or recomtoiaiit MVA vacdnes espresaing 
SIV gag'pol and iiV-l env derived from the primary patient 
dual-tropic isolate 89.6 (n = 4), Animals received 10® 
PFU intramuscularly of control or recombinant MVA vectors 
at weelfis 0, 4, and 21, At week 27, aH eaght animals were 
challenged iv, >wth SHIV-89.6P. This higjjty pathogenic virus 
was derived by in vivo passage of the nonpathogenic virus 
SHIV-S9,6 and has been shown to cause rapid CI>4"' T-lym- 
phocyte loss and p^^^iicfti AIDS in the majori^ of oaxve rhesus 
monkeys (7, 32-34), 

Vacdne^cited Immime responses. Staining CDS^ T cells 
with tetrameric MHC dass I-pepride complexes followed by 
analjrsis by flow c^ometxy has proven to be an accurate 
method for quantitating epitapc^spcdfic CTLs in freshly iso- 
lated whole^lood specimens without the need for in vitro 
}yinphoeyi& stimulation (3, 21), CTL responses specific for the 
Afamu-/4 '^i -restricted immunodominant SIV Gag pllC 
epitope (CIPYDINQM) (1, 24) were measured by both tet- 
ramer staining and functional chromium release cytotoxicity 
ass^. As shown in Fig. 1, pUC-spedfic CTLs were detected 
by tetramer staining in all vaccinated animals after the initial 
iinmunizatioh. Higher levels were observed 1 week aftcx the 
week 4 and week 21 boost immunizations, reaching a maxi- 
mum of 0,2 to 0.8% of drcolating 053"^ CDS* T cells. Levels 
of CTLs following the second and third immunizations were 
comparable, consistent with the findings in our previous study 
of CIL responses elicited by recombinant MVA veaors in 
rhesus monkeys (37, 38). Following each boost immunization^ 
there was a rapid e^ansion of pllC-spedfic CTLs followed by 
a rapid decline to steady-state plateau levels of 0.1 to 039^ of 
drculaiing CDS"*" T cells that persisted over time. Tetramer 
staining specific for the subdominant HIV-1 Env p41A epitope 
CYAPPISGQI) (13) was only detected in one animal (H507), 
and no tetramer staining sf^dfic for pllC or p41A was ob- 
served in the monk^ that received tibie control MVA (data 
not shown). As shown in Table 1, funcdonal chromium release 
cytotodcity assays confirmed these tetramer staining data. No 
NAb responses specific for SHIV-89,6 or $HIV-89.6P (<1;20 
titer) were delectable in the control or vaccinated animals at 
peak immunity or prior to challenge (data not shown). 
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FIG. 1. Vacdne-cUcitcd CTL reaponsca, JWiimw-^*Oi -positive 
monJccys were Immuniwd ai weeks 0, 4, and 21 with recombinant 
MVA constniCK expressing SJ\/safpol and HTV-l env. Vaccmo^ 
elicited CDS* T-ceU responses specific for the immunodominani Srv 
Gag pllC (CIPYDINQM) epitope (1, 24) were mcasmcdlw tetramCT 
naining of frcsh^ isolated PBMC (3, 21). The percent CD3+ CDS T 
cella that bound the Mamn-A'°01^11C letramer is shown. Arrowa 
indicate dzncs of immunization. 



Irmnnne responses foUo^Ting challenge. Ssc ^ecks after die 
fiaaaJ boost imrounization, all eight animak were challenged Lv. 
with 100 MIDso of ccU-free SHIV-S9.6P. AH aflimals were 
infected ty this highly pathogenic viral diallenge. As shown in 
Fig. 2, the control monkeys developed primary pllC-^ecific 
cm, responses, reaching a madmum of 0^ to 2% of circulat- 
ing CDS"*" T cells on day 14 after challenge. In contrast, the 
vacdnated monkeys developed higher secondary pllC-spcdfic 
CTL responses, reaching a majdnnim of 7 to 20% of drccdaiing 
CDfi+ T cells on day 14 after chaHeage, As shown in Table 2, 
the results of functional chromium release cytotaadty assays 
confirmed these tetramer staining data. 

NAb responses spedfic for both SHrV-89-6 and SHIV-89-6P 
were assessed in MT-2 cell-killing assays (9). As shown in Fig. 
3A. no SHIV-89,6-spcdfic NAbs were detected in tbe plasma 



TABLE 1. Vacdne-clidtcd GIL responses' 



Teiramci hmding 



PBMC 



SdmolBted 
PBMC 



Control MVA 

H544 0.0 

H547 0.0 

HS49 0.0 

HS61 0-0 

Recombinant MVA 

TH9 0^ 

H500 0,4 

H507 0.2 

H511 0.8 



0 
0 
- 0 
0 



17 
4 

39 
5 



(sKiinubted PBMC) 



37 
26 
61 
30 



■ SIV Gag pllC-spcdfic CDS*^ T<6ll rcspouBca es ocaauTDd by tetramer 
staining of freshly isolated sad p^tidc^sdzmilated 7BMC aod chzomiaiii rdeoss 
ftmetiaDal cytotoacaty aaaaya at week 23, vWch h 1 week foiDewiDg the thirf 
inununiHitiett, The percent CDS* CPS*^ cclla that hmd tetraXDer shown for tbe 
tctmoer assays. The percent spedfic lyids ax a 5:1 cffcdot-to-targct ratio is ^lewn 
{or the c^otocddiy assays. 
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10 



-H561 
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I " I 
100 120 140 160 

Days Afier Clhalbnge 

FIG. 2. Secondary CTL responses foUowing challenge. Monkeys 
were cJiaUcngcd with Srav-S9.fiP by the Ly. roixtc on day 0. CDS*^ 
T-ceD responses spociflc for the SIV Qag pllC epitope were deter- 
mined hy lecramcr stainzng of freshly isolated PBMC at multiple time 
points (3, 21). The pexcenL CD^"" CDS* T celli that bound the Mamn- 
A'Ol/pllC letramer is shown. 

of the control animals* except for a low xher in monkey H547 
on day 70 after diallenge. In contrast, SHIV-89.6-specific 
NAbs were detected in the plasma of two vaccinated animals 
on day 14 after diallenge, and high-titer NAbs (1,350 to 
10,804) were observed in the plasma of all four vaccinated 
animals on day 21 foDowing challenge. This r^d evohjtion of 
high-titer NAbs is consistent with a secondary SHIV-89.6-spc- 
dfic NAb response that was primed by the vacdne. 

Since NAbs generated by SHIV-89.6 infection exhibit poor 
CTOSS-neutializing activity against SfflV-89.6P (9, 25), the vac- 
dne expressing HIV-1 Env S9.6 would not be expected to 
prime for SHIV-89.6P-fipedfic NAbs. As shown in Fig. 3B, only 
two control monkeys (HS44 and H547) developed SHIV- 
89.6P-spedfic NAbs by day 42 after oballengc. Snrprisingjy, all 
four vaccinated monkeys developed SH[V-89-6P-spedficNAb8 
between days 21 and 42 after ^aBcnge. The six animals that 
developed detectable SHlV-69.6P-5pedfic NAbs had similar 
peak titcis. 

CD4 coimts, viral 12NA levels, and cUnical disease progress 
sion. As shown in Fig. 4, tibe control monkeys developed a 
rapid and profound loss of CTM**" T lymphocytes between days 
7 and 21 after challenge. Monkeys H549 and H551 demon- 
strated a complete loss of their CD4'*" T lymphocytes, whereas 
H544 and HS47 had agnificant but incomplete losses of their 
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TABLE 2L CTL responses following challenge" 



Vacanatzon spd tuonlkef 



PEMC 



SdmnlatBd 
FBMC 



(stmistated PBMC) 



Control MVA 
H544 
H547 
H549 
H561 

Ttecombinant MVA 
T119 
H500 
H5Cr7 
H511 



OA 

oa 

0.7 
1.7 



7^ 
3^ 

25 



2 
1 

19 
8 



48 
49 
59 
42 



2 
0 
22 
11 



29 
37 
34 
28 



- SIV Gag pllC-fipecifo CDfi* T-ccll rrapojwea as mcagured ty tetramcr 
statninfi of £rc^ isolated and peptide* stimulated FBMC and chromiiim nlease 
funeiioBal ^otcrcidiy aaaaya at day 17 nfker diallcage. The peaccat CDS'" OS 
f-ft tff ^al biod iBtramcr is sbowH for the tctramcr aaaaya. The pexccol ^cdflc 
lysb ^ a 5il cffcoox^to-taitset ratio is sbowa for the cytotindd^ aaaays. 



CD4* T lymphocytes. In ihe vacdnated animals, monkeys 
H500 and HSll had completely stable CD4* T-lympbocyte 
counts, whereas monk^ T119 and H507 exhibited pzitial 
declines in CD4"^ T-lymphocyte counts by day 168 after chal- 



J, VlROl- 

lenge. Da day 70 after challenge, a time by which the seipoint 
of viral replication is reached in SHIV-89.6P-infedted rhesus 
monkeys, the CD4"*' T-lymphocyte counts in the vaccinated 
monkeys were sigmficanity higher than in the control monkeys 
(P = 0.028 by a ts^o-sided Wilcoxon rank stim test). 

We nest measured plasma viral RNA Icvch in the monkeys 
by a real-time amplificatioD assay with a detection limit of 500 
ojpics/ml (17, 39), As d^onstrated in Fig. 5, the control 
monkeys developed high levela of peak primary viremia, reach- 
ing 5.4 X ID^ to 3.8 X 10* copies/ml on day 10 or 14 after 
challenge- In the vaccinated monkeys, peak primary viremia 
was slightly lower, between 4A X 10* and 1.4 x 10^ ccapicatol. 
On day 70 after challense, all the control animals had high- 
setpointviralRNAlcvdsof 1.2X lO^to 5.9 x 10*= copies^ 
In three of the four vaccinated monkeys (T119, H5CKI, and 
H511), setpoint viicania was below the limit of detection of the 
assay (<500 copies^), Setpoint viremia in moiikey H507, 
however, remained high. IntcrcstingJIy, this animal had the 
lowest levels of vacdne-elidtcd CTLs prior to challenge. A 
trend toward a reduction in setpoint viremia was observed in 
the vaccinated animals compared with the control monkeys 
(P = 0.11 by a two-sided Wilcoxon rank stmi test). The vacci- 
nated animals had a 2.0-Jog reduction in geometric mean viral 
RNA levels after 5eq>oiat compared vnth the control animals. 



A. SHIV-89.6 

Control MVA 



1.E-H15 




1.E-f01 



B. SHIV-89.6P 

Control MVA 



l.E+03 



-•-H544 








-»-H547 
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Days After Challenge 



no. 3. NAb xcsponses foUowinR diallenge. Plasma antibody titcn: capable of ncuualizing SHIV-S9.6 (A) and SHIV^9.6F (B) wexe measured 
by Kfr-2 cetl-kUHng assacys at multiple time points (9). 
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Days After Challenge 

FIG. 4. CD4'^ T-lynxphocyie carote follctwiag dinllcnge. CD4- T- 
lyxnphocyte counts in peripheral Mood were deiemiincd hy xmiltqiiymg 
iho total lymphocyte wuni by the percentage of CD3* CD4 lympho- 
cytes At multiple time pouiis. 



Significant dinical disease progressicm was observed in the 
two coxitrol animals (H549 and HS61) that had complete de- 
pletion of their CD4* T lymphocytes, persistent high viremia, 
and no SHrV'^9.6P-specific NAbs. These two animals died at 
days 126 and 168 after challenge. In contrast, all the vaccinated 
animals remained healthy vdthout evidence of dinical disease 
OT mortality by day 168 after challenge The rapid development 
erf dinical AIDS and mortality m the control animals is com- 
parable with oTir previous experience with SHIV-89,6P-in- 
fected monkeys (7, 54). 

Immime correlates of protection. A scatter plot of data 
shown m Rg, 6 demonstrates a significant correlation between 
prcchallenge vacdne-elidted plateau-phase pllC-spedfic CTL 
responses determined by tctramer staining and day 70 poat- 
challenge fictpoint viral RNA levels (P = 0,03 by a two-sided 
Spearman rank corrclatioii test). This correlation is analogous 
to the correlation we observed in our recent study of inunune 
responses and the protective efficacy elidtcd by DNA vaccina- 
tion (7). 

DISCUSSION 

In this study, virus-spcdfic immune responses were didted 
in rhesus moiOceys using recombinant MVA vectors expressing 
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FIO. 5. Viral RNA IcvcU following challenge. Plaaxna viral RNA 
levels were dctemiined at xmatiple time paints tjy a real-time amplifi- 
cation assay -with a detection limit of 500 copiei^ml (17, 39). t. death of 
the animal 



srV gag-pol and HTV-l 89,6 cnv. The kinetics and magnitude of 
the vacdne-elidted SIV Gag epitope-spedfic CIL responses 
weic comparable to those observed in our previous study of 
recorohinant MVA-vacdnated rhesus monkeys (37, 38). The 
levels of vacdne-elidted CTL responses in the present study 
were also comparable to those elidted by plasmid 1>NA vac- 
cination in our prior studies, but were lower than those elidted 
by cytokine-augmented DNA vacdnation (6, 7, 12), 
As we reponed previously (7), there was a statistically sig- 




I I.I 
0 0.1 0.2 0.3 

Pre-Challenge Plateau p11C CTL 

TJG. 6. Coireladon of prechaWcngc vacdae-cUdted plateau-phase 
pllC-apccific CTL responses as dctexmined by tctramer staining and 
day 70 posichallengc sctpoint viral RNA levels (P = 0.03). 



5156 BAROUCH FT AL. 

nificant correlation between levels of prechallcngc vacdne- 
elidied plateau-phase CTLa and setpoiot vircmia fbllawing 
challenge. The asymptotic appearance of the data from the 
scatter plots b both of these studies suggests that a level of 
vaccane-elidted plaieau-pbase ClLs may exist above which 
litde additional benefit is obtained after challenge. The pre- 
challengc plateau-phase CTL population presumably repre- 
sents the vacdne-elidtcd memaiy pool of CTLs which expand 
upon ensure to virus lo become functional effector CTLs. 
The correlation observed between levels of prechallenge pla- 
teau-phase CTLs and the control of viremia following chal- 
lenge highlights the importance of CTLa in controlling AIDS 
virus repHcatioja. 

Following the SHIV-S9.6P chaDenge, secondary SIV Gag 
epitope-spedfic CTL responses . were clearly evident in the 
vaccmatcd animals. The sceondaty CTL responses were max- 
imal on day U and then rapidly declined to steady^tc pla- 
teau levels. The magnitude of the secondary CTL responses 
following viral challenge reflected both the levels of vacdnc- 
eKdted CTL re^nscs as well as the levels of viral antigen 
driving these responses. The vaccinated monkey that was un- 
able to control viremia (HSOT) had persistently high levels of 
tetramer-binding CDS"*" T cdls following challenge, Hkely re- 
flecting the high levels of andgen present in Ujis animaL 

NAbs specific for SHIV-89-6 and SHiy-89.6P were unde- 
tectable in the vaccinated monkeys at the tbne of peak vacdne- 
eEdted immunity or on the day of challenge. However, high- 
titer SHIV-S9,5-spedfic NAbs were detected in the vaccinated 
animals within 3 wecis after challenge. Since SHIV-89.6-epe- 
dfic NAbs are rarely detected in naive animals prior to 6 weeks 
foDowing infection with SHIV-S9.6 or SHIV-S9.6P (9, 24). the 
SHIV-89.6-Epeci£ic NAb response observed here was most 
likely an anamnestic response primed by the vaccine. This 
sceondaty NAb response following challenge was presumably 
elidted by either shared epitopes between the Env 89.6 im- 
munogen and the Env 89.6P on the challenge virus or a minor 
SHIV-89,6 quasispcaes present in the SHIV-89.6P diaDenge 
stodL 

NAbs specific for SHIV-89.dP were detected by day 21 to 42 
after challenge in the vaccinated monkeys and considerably 
later or not at all in the control monkeys. It is undear if the 
earlier emergence of SHrV-S9.6P-8pecific NAbs in the yacd- 
nated animals reflected de novo generation of NAbs facilitated 
by the preserved CD4"^ T-cell help in these animals, affinity 
maturation of the SHIV-89.6-spcdfic NAbs, or a secondary 
NAb response that was primed by Ihe vacdnc. This last pos- 
sibility is perhaps least likely, since SHIV-89.6-6pecific NAbs 
have poor neutralizing activity against SHrV-89.6P (9, 25). 
Regardless of the mechanism, these data demonstrate that the 
r^d emergcaicc of NAb responses specific for ia higfily patho- 
genic primary isolate-like diallenge virus did not require nn- 
jmmization with a completely homologous Env construct- 
On day U after challenge, at the thne of peak primary 
viremia, secondary CTL responses were maximal and SHIV- 
89.6P-spcdfic NAbs were undetectable, suggesting that the 
initial control of primary viremia in the vaccinated animals was 
mediated predominantly by CTLs, The subsequent control of 
viremia. however, likely reflects the effects of both ceflular and 
humoral immune responses. In our prior study utilizing MVA 
vectors expressing env smH-4 and the related daaUcnge virus 
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SIVfimE660, the monk^ vaccinated with MVA/cnv devel- 
oped secondary SIVsmH-4.spedfic NAbs after SrVsmE660 
challenge but no convindng secondary SrVsmE660-5pedfic 
NAbs (2fi, 29). It is possible that the absence of augmented 
SIVsmE660-spedfic NAbs following challenge accounted for 
the observation that MVA/gag-pol, MVA/env, and MVA/g/zg- 
pol-etw vaodnatioDS aH provided comparable partial control of 
viremia in that study. 

A significant limitation of the present study is the small 
number of monkeys, which predudcd a statistical comparison 
of clinical disease end points and mortality. However, follow- 
ing the SHIV^9.6P challenge, the control animals developed 
low-frequency CTL rraponses, Jow-titcr NAb responses, rapid 
loss of CD4'*' T lymphocytes, high viral RNA levels, and din- 
ical disease and death in two of the four animals in this group. 
The monkeys that received the recombinant MVA vacdnes 
developed high-frequency CTL responses, high-titcr NAb re- 
sponses, partial preservation of CTM"^ T lymphOQrtes, reduced 
viral RNA levels, and no evidence of cUnical disease or mor- 
tality by day 168 after challenge. The 2.0-lag reduction in mean 
setpoint pJasma viremia observed in to study is similar to the 
1.9-log reduction we have reported in SmV-89.6P-challenged 
monkeys using plasmid DNA vaccination, although it is less 
striking than the 3.Wog reduction adiieved using cytoldne- 
augmentcd DNA vacdnation (7). The results of the present 
study are also comparable with the results we obtained with 
recombinant MVA vaccination in conjunction with an 
SIVsmE660 challenge (37, 38). 

The degree of protection achieved against SHIV-89.6P-in- 
dueed AIDS by recombinant MVA vacdnation and plasmid 
DNA vacdnation should not be interpreted as evidence that 
SHIV-89.6P-induced disease is easy to ameliorate. In fact, sev- 
eral other vacdne modalities, induding purified recombinant 
proteins and synthetic peptide vaccines, provide no discernible 
protection against SHrv^9-6P vircmia or dinical disease pro- 
gression in similarfy conduaed vacdne trials with rhesus mon- 
keys (N. L Letvin et aL, unpublished data). The fact that 
SHIV-89,6P infection rapidly leads 10 immunodefideocy and 
AIDS in the majority of control monkeys makes this a useful 
diallenge model for asaessmg the ability of vaccine candidates 
to provide protection against dinical disease progression in a 
relatively short time frame. 

It is Kkcly that a number of vacdne approaches will ulti- 
mately prove to have conqjarable efScacy in elidting immune 
responses, controlliDg vircmia, and preventing clinical se- 
quelae of an AIDS virus infection. Sudi ^proadies are likely 
to mdude recombinant live vectors (38), plasmid DNA (7), 
and prime-boost approadies that involve boosting a DNA- 
primed immune response with a recombinant live vector (2» 15, 
19, 35), Many of these vacdne strategies will be tested for their 
utility in humans over the next several years. If viral replication 
is similarly reduced in vaccinated humans who are subse- 
quently infected with HTV-l, such individuals may demon- 
strate slowed disease progression and decreased HTV-l trans- 
mission rates (30). Thus, a vaccine that chdts immunity that is 
not sterilizing but capable of reducing HIV-1 KNA levels fol- 
lowing ixifetrtion may still provide substantial dinical benefits to 
human populations. 
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